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PREFACE 

EN  of  business  find  it  necessary  from  time  to  time 

to  take  an  inventory  of  the  <roods  they  have  in 
stock  ;  occasions  arise  when  medical  men  must  do  the  same 

thing  and  make  a  survey  of  the  means  of  treatment  at  their 

disposal.  That  is  the  case  now ;  surgeons  are  being  called 
on  to  restore  movement  to  thousands  of  men  who  have  been 

lamed  or  maimed  in  war;  thcv  find  it  necessai'v  to  re-examine 
the  foundations  of  their  science  and  practice.  In  this  book 

I  have  sought  to  help  them  by  a  re-statement  of  the  princi})les 
which  underlie  the  art  of  Orthopiedic  Surgery.  My  chapters 
are  based  on  a  score  of  lectures  given  at  the  Royal  Colle<re  of 

Surgeons  of  England  in  the  winter  1917-18  on  "The  Anatomical 
and  Physiological  Principles  underlying  the  Treatment  of 

Injuries  to  Muscles,  Nerves,  Bones,  and  Joints.""  We  all  agree, 
I  have  presumed,  that  effective  and  rational  treatment  must 
be  based  on  our  knowledge  of  the  structure  and  mechanism 

of  the  human  body.  Hence,  in  the  main,  this  is  a  i)ook  of 

applied  anatomy  and  physiology. 

The  surgical  triumphs  won  since  the  discovery  of  anaesthesia, 
antisepsis,  and  asepsis  have  tended  to  make  the  surgeon  forget 

that  he  is  not  a  master  but  only  a  servant;  the  power  to 

heal  lies  not  in  his  hands  but  in  the  recuperative  powers  of 

his  patient''s  body.  He  can  assist  the  natural  powers  inherent 
in  all  living  Hesii  but  he  cannot  replace  them.  John  Hunter 

devoted  his  life  to  prove  that  fact;  those  wlio  read  the  medi- 
cal lessons  of  the  war  aright  realise  that  we  have  to  return  to 

Himtei*"'s  point  of  view.  We  can  help  the  sick  and  the  maimed 
in  only  one  way — by  aiding  and  abetting  the  natural  defensive 
and  recuperative  mechanisms  of  the  human  body.  ( )ur  methods 
must  be  based  on  a  knowledge  of  these  mechanisms. 
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I  have  set  about  my  task  in  a  way  which  I  believe  to  be 

new.  The  first  advance  in  every  great  curative  movement 

is  made  by  a  single  mind  brooding  over  facts  gleaned  by  the 

bedside,  the  experimental  bench,  or  the  dissecting  table ; 

these  are  the  critical  occasions  in  the  history  of  Medicine  ; 

on  such  occasions  are  forged  the  implements  of  the  surgeon's 
armamentarium.  I  have  sought  to  guide  the  reader  to  the 

hospital  wards,  the  physiological  laboratories,  the  dissecting 

rooms,  and  private  workrooms  in  which  the  great  advances 

of  orthopjiedic  sui'gery  were  made,  and  to  introduce  to  them 

the  "  Menders  of  the  Maimed  "  as  they  were  in  the  heyday  of 
life.  In  only  this  way,  I  conceive,  can  Medical  History  be 

written  profitably. 

I  have  frankly  presented  my  History  from  a  British  point 

of  view.  Every  great  medical  movement  sweeps  over  all 

civilised  countries ;  we  are  all  involved  in  it.  Nothing  will 

please  me  better  than  that  this  self-imposed  task  should  induce 
colleao-ues  in  other  countries  to  write  the  same  history  from 

their  national  point  of  view. 

The  surgical  problems  presented  by  the  war  were  new  in 

extent,  but  not  new  in  kind.  The  doubts  which  were  revived 

were  old ;  the  questions  which  urgently  demanded  an  answer 

were  of  ancient  times.  What  is  the  rightful  place  of  Rest, 

Action,  Massage,  Bone-setting,  Sprain-rubbing,  Manipulative 

Surgery,  Electricity,  Heat,  Cold,  Counter-irritation,  in  our 

orthopjiedic  armamentarium  ?  What  can  operative  measures 

do — grafting,  suturing,  transplantation  '<!  Is  the  periosteum 
capable  of  forming  bone  ?  To  those  and  many  other  problems 

I  have  sought  to  provide  the  materials  on  which  the  right 
answer  must  be  based. 

Lastly,  although  I  acknowledge  in  this  preface  none  of  the 

many  who  have  helped  me  by  name,  yet  I  hope  I  ha\  e  not 

forgotten  them  in  \\\\  text. 
AUrHLH   KIJTH. 

Royal  College  of  Surgeons,  London,  W.C, 

12///  April  1 919. 
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CHAPTER   I 

THE  ORTHOPEDIC  PRINCIPLES  OF 

JOHN  HUNTER 

John  Hunter's  career  may  be  conveniently  divided  into  the  following  six 
stages 

(i)  His  youth,  1728  to  174S,  spent  on  a  farm — Long  Calderwood,  situated 
in  Lanarkshire,  some  seven  miles  to  the  south  of  Glasgow. 

(2)  His  "  dissecting-room  "  or  Covent  Garden  stage — lasting  from  174S, 
when  he  had  entered  his  twenty- first  year,  until  the  end  of  1760, 

when  he  had  nearh'  completed  his  thirty-second  year.  In  that 
stage  he  laid  the  basis  of  his  knowledge  in  the  dissecting  room 
of  his  brother  William.  The  dissecting  room  was  situated  in  the 
north  side  of  Covent  Garden,  London. 

(3)  A  short  "  Army  surgeon  "  stage,  extending  over  1761,  1762,  and  the 
earlier  half  of  1763,  when  he  saw  service  in  Expeditions  to  Belle- 

isle  and  Portugal  during  the  Seven  Years'  War. 
(4)  A  waiting  or  "Golden  Square"  stage,  lasting  from   1763  to  1768 — 

from  his  thirty-fifth  to  his  fortieth  year.  It  was  one  spent  in  the 
search  of  both  knowledge  and  patients,  but  was  only  successful  as 
regards  the  first.  This  stage  ends  with  his  appointment  as  surgeon 

to  St.  George's  Hospital  and  his  removal  from  Golden  Square  to 
42  Jermyn  Street,  previously  occupied  by  his  brother  William. 

(5)  The    "Jermyn    Street  "    stage,    marked    by    prosperit)',    marriage, 
lecturing,  investigation,  and  overwork,  1768- 1783. 

(6)  The  final  or  "  Leicester  Square  "  stage,  when  he  was  recognised  by 
his  professional  brethren  as  well  as  by  the  public  as  the  leading 
British  surgeon.  This  stage  lasted  ten  years.  Hunter  died 
from  sudden  heart  failure,  i6th  October  1793. 

THERE  never  was  a  time  when  we  stood  nioie  in  need  of 

a  ready  knowledge  of  the  right  kind  of  anatomy  and 

physiology  than  now.  There  are  in  oin-  hospitals — our  re- 
pairing sheds — thousands  of  human  machines  whicli  have  been 
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damaged  or  maimed  in  the  service  of  their  country — awaiting 
or  undergoing  repair.  We  cannot  restore  action  to  any 

machine,  much  less  to  that  most  complex  of  all  machines,  the 

human  body,  unless  we  know  the  arrangement  and  working  of 

its  parts.  Whatever  means  or  practices  we  adopt  and  apply 

for  the  treatment  of  these  disabled  men,  there  is  one  condi- 

tion which  we  must  fulfil — we  must  base  our  practice  on  an 
intimate  and  accurate  knowledge  of  the  structure  and  function 

of  the  body. 

In  this  as  in  some  of  my  subsequent  chapters,  I  propose  to 

make  excursions  into  the  past,  and  cull,  from  the  lives  of  men 

who  devoted  themselves  to  the  study  of  the  human  body,  such 

facts  and  experiences  as  may  be  of  use  to  us  at  the  present 

time.     There  are  many  reasons  why  I  should  begin  with  John 

Hunter :    his  life's  work    is   the    common    inheritance    of  the 

Anglo-Saxon   peoples ;    he  was  still  in  the  full   flight    of  his 
career  when  the  United  States  and  Britain  parted  ways ;  both 

countries    had    set  out  on  their    appointed  courses    when  his 

career  came  to  an  abrupt  end  as  the  winter  session  of  1793 

began.     It  is  not  the  stretch  of  intervening    years,  however, 

but    the    crowded    series    of  revolutionary    movements  which 

have  swept  across  the  fields  of  surgery  and  medicine  which 

make  him  now  seem  distant  to  us.     In  his  closing  years  came 

a  knowledge  of  oxygen,  of  combustion,  of  respiration,  of  oxida- 

tion of  the  tissues,  of  heat  and  temperature — knowledge  which 

threw  much    of   Hunter's    best  work  into  the  realm  of  pure 
history.    /Then    later,  in  1839,  began    the   revolution  of  the 

mici'oscope,   which    gave    anatomists    and    physiologists    their 

atomic  theory.     The  result  of  that  I'evolution  was  to  make  us 
think  in  terms  of  living  cells.     Hunter  always  thought  in  terms 

of  living  structures,  tissues,  and  organs.    Then,  finally,  came  the 

great  Pasteur-Lister  revolution  ;  problems  which  Hunter  had 

struggled  to  solve — problems  of  inflammation,  infection,  and 

repair — were  finally  fixed  on  a  new  basis  of  knowledge,  and 

thus  another  section  of  Hunter's  life's  work  lost  its  currency. 

The    great    evolutionary    movement    left   Hunter's    work    un- 
changed, for  he  was  an  evolutionist ;  but,  fortunately  for  us, 

he  studied  the  evolution  of  function  rather  than  forn).     For 
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medical  men  it  is  function  rather  than  structure  wliich  matters. 

Hence  it  is  that  when  we  have  deducted  those  parts  of  Hunter''s 
labours  which  have  been  displaced  by  the  progress  of  know- 

ledge, there  still  remains  a  vast  fund  of  permanent  value,  not 

only  for  us  now,  but  for  generations  to  come.  I  propose  to 

pass  in  review  only  those  parts  of  his  writings  which  bear  on 

the  restoration  of  action  to  limbs  and  joints. 

Were  I  to  be  asked  to  cite  the  most  important  contribu- 
tion Hunter  ever  made  to  surgery,  I  would  reply  that  it  was 

his  clear  recognition  of  the  fact  that  restoration  is  effected  by 

powers  inherent  in  the  living  tissues  of  the  patient;  the 

surgeon  can  only  help  recovery  by  tending  these  powers. 

This  attitude  towards  the  power  of  living  tissue  to  conquer 

disease  and  to  restore  function  occurs  again  and  a«;ain  throuffh- 

out  his  works.  I  shall  (juote  only  one  instance.  It  is  from 

a  passage  where  Hunter  speaks  of  the  practice,  followed  by 

certain  surgeons,  of  preventing  wounds  from  scabbing.  "This 

practice,"  he  writes,  "arises  from  the  conceit  of  surgeons  who 
think  themselves  possessed  of  powers  superior  to  Nature,  and 
therefore  have  introduced  the  habit  of  makini>:  sores  of  all 

wounds."  You  will  see  that  Hunter  re<;arded  the  surgeon  as 
standing  in  the  same  relationship  to  disease  and  injury  as  a 

gardener  does  to  his  plants.  He  may  trim  and  })rune,  weed 

and  delve,  manure  and  support,  and  thus  help  them  to  thrive, 

but  the  power  of  growth  does  not  lie  in  his  hands — he  can 
only  assist  that  power.  That  lesson,  I  dare  think,  is  needed 

at  all  times,  and  in  none  more  than  in  the  present.  A  soldier 

waiting  wearily  for  movement  to  return  to  a  stiffened  joirit  or 

limp  limb  is  apt  to  think  that  the  means  of  recovery  lie  in 

the  surgeon's  hands,  and  expects  a  cure  to  be  worked  on  him 
by  means  which  are  both  active  and  speedy.  It  is  small 

wonder  if  under  these  circumstances  the  surgeon  may  be 

tempted  to  become  more  than  Nature''s  mere  assistant.  In 

many  modern  operations  the  surgeon''s  share  in  effecting  a 
cure  is  uiKjuestionably  great.  iK  stone  is  removed  from  the 

bladder,  an  enlarged  prostate  from  the  pelvis,  a  calculus  from 

the  kidney,  gall-stones  from  the  cystic  duct,  or  a  fulminating 
appendix  from  the  abdomen,  and  thus  the  conditions  necessary 
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for  a  recovery  are  at  once  established.  That  the  surgeon's 
share  is  large  in  such  cures  is  beyond  dispute.  Nature  cannot 

reappose  the  fractured  ends  of  a  broken  bone,  nor  can  she 

set  the  parts  displaced  in  a  fracture-dislocation  of  the  ankle 

or  the  dislocation  of  a  joint.  There,  again,  the  surgeon's  aid 
is  an  essential  factor  for  a  good  recovery.  But  in  the  ti'eat- 
ment  of  chronic  ailments  and  disabilities  which  follow  gunshot 

wounds,  it  becomes  a  much  more  difficult  matter  to  assess 

Nature's  and  the  surgeon's  share  in  the  recovery.  It  is  in 
these  cases  that  we  have  to  make  certain  that  the  means  of 

treatment  which  we  apply  are  based  on  a  rational  and  well- 
established  basis. 

To  understand  how  this  attitude  of  Hunter  towards  the 

cure  of  disease  became  a  second  nature,  you  must  make  his 

acquaintance  during  those  twelve  years  he  worked  in  his 

brother's  dissecting  room  in  Covent  Garden — from  1748  until 
1761.  He  was  an  unformed  Scottish  youth  of  20  when 

he  entered  the  dissecting  room,  and  when  he  left  it  as  a 

man  of  33,  to  sail  with  the  military  expedition  against 

Belleisle — off  the  mouth  of  the  Loire — as  a  staff-surgeon,  he 
was  better  qualified  to  serve  as  a  scientific  observer  and 

investigator  thair  as  an  exponent  of  the  practical  surgery  of 
the  time.  It  was  his  fortune  during  those  twelve  years  in 
London  to  be  associated  with  men  wlio  studied  the  human 

body  to  learn  its  living  mechanism.  He  was  still  more 

fortunate  in  studying  with  men  who  j)referred  to  dissect  their 

knowledge  directly  from  the  actual  part  than  to  obtain  it  at 

second-hand  from  the  printed  page.  Above  all,  he  learned 
then  to  work,  to  know  how  to  work,  to  lo\e  work,  to  become 

work's  most  living  slave.  During  those  twelve  years  there 

were  intervals  of  clinical  work  at  Chelsea  and  St.  Bartholomew's  ; 

he  had  been  surgeon-pupil  and  house-surgeon  at  St.  George's 
Hospital.  But  the  knowledge  which  was  to  give  him  a  fore- 

most place  amongst  surgeons  was  gathered  not  by  the  bedside 
but  within  the  walls  of  the  dissecting  room.  Just  glance  at 

the  researches  he  carried  out  during  the  dissecting-room 

period  of  his  life.  He  worked  at  the  descent  of  the  testicle, 

and  recognised  that  certain  mysterious  forces  were  involved  in 
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that  operation  of  Nature ;  he  saw  that  the  functional  state  of 
the  testicle  somehow  controlled  the  act  of  descent ;  he  saw 

with  curious  eye  what  was  merely  an  everyday  observation  to 

others — that  the  roots  of  shedding  teeth  were  absorbed — that 
the  extraction  of  a  tooth  was  followed  by  the  removal  of  its 

alveolus,  and  that  such  changes  could  not  be  effected  unless 

the  animal  bodv  was  provided  with  a  mechanism — a  marvellous 

mechanism — for  the  removal  of  useless  as  well  as  dead  parts. 
If  only  he  could  disco\  er  how  Nature  effected  such  changes, 

and  could  copy  her  methods,  then  why  should  he  not  use  such 
methods  to  clear  awav  those  innocent  and  maligniuit  growths 
which  so  often  threatened  life  itself?  The  thread  of  that 

inquiry  runs  all  through  his  laborious  career :  the  removal  of 

sequestra,  the  burrowing  of  abscesses  towards  the  surface  of 

the  body,  and  the  removal  of  sloughs.  He  never  did  discover 

that  opsonic  power,  that  "  consciousness  of  imperfection  "  which 
makes  useless  parts  fall  a  prey  to  surrounding  healthy  parts. 

It  was  during  those  twelve  years  he  unravelled  the  structure 

of  the  placenta.  He  discovered  then  tliat  nerves  must  be  of 
different  kinds  and  serve  different  functions,  otherwise  no 

explanation  could  be  given  why  branches  of  the  first  and  fifth 
cranial  nerves  terminate  within  the  same  area  of  nasal  nuicous 

membrane.  He  examined  the  earliest  stages  in  the  incubation 

of  the  chick,  notini;  the  oriijin  of  the  red-blood  islands,  the 

manner  in  which  they  fused  together  and  the  process  by  which 

they  invaded  the  body  of  the  embryo.  It  was  then  he  com- 
menced to  probe  the  secrets  of  life  itself,  testing  the  peculiar 

properties  of  living  matter  by  the  manner  in  which  it  reacted 

to  cold  of  varying  degrees.  He  proved  that  an  egg  was  really  a 

living  thing  ;  living  matter  did  not  putrefy  ;  life  keeps  tissues 
sweet.  He  had  inserted  dead  matter  into  abscess  cavities  to  test 

the  alleged  digestive  action  of  the  pus.  Above  all,  he  had  made 

an  acquaintance  with  that  lowly  form  of  organised  life — the 

hydra  or  polyp — and  realised  that  even  in  its  simplest  form 

living  matter  had  the  power  to  move,  digest,  and  feel. 

With  a  knowledge  of  those  earlier  years  of  Hunter's  pro- 
fessional life,  we  are  in  a  position  to  understand  his  attitude 

towards  a  party  of  wounded  soldiers  he  met  with  on  his  arrival 
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at  Belleisle.  Four  wounded  men  crossed  the  British  hnes  after 

being  in  hiding  for  a  space  of  four  days ;  one  had  received  two 

bullets  through  his  thigh,  one  was  shot  in  the  chest,  the  third 

was  shot  through  the  knee  by  a  bullet  which  pierced  the  lower 

end  of  the  femur,  while  another  was  shot  through  the  shoulder, 

involving  the  joint,  "  When  they  were  brought  to  the 
hospital  their  wounds  were  dressed  superficiallv  and  they  all 

got  well."  That  is  Hunter"'s  account  of  their  surgical  treat- 
ment ;  he  gives  Nature  the  credit  for  their  recovery.  There 

was  also  another  case,  that  of  a  grenadier  of  the  30th  Regiment, 

who  had  been  shot  in  the  arm,  the  bullet  passing  between  the 

biceps  and  the  humerus.  He  had  been  taken  prisoner  by  the 

French.  The  arm  was  fomented  and  a  superficial  dressing 

applied  by  the  French  surgeon.  About  a  fortnight  afterwards 

the  grenadier  escaped  and  came  in  with  the  wounds  healed. 

"  There  only  remained  a  stiffness  in  the  joint  of  the  elbow, 

which  went  off  by  moving  it."  Hunter  cites  those  cases  to 
support  his  contention  that  in  many  instances  nothing  is  to  be 

gained  b}'  opening  and  enlarging  gunshot  wounds.  I  do  not 

cite  Hunter's  cases  to  suggest  that  the  treatment  which 
answered  at  Belleisle  in  1762  is  applicable  to  Flanders  in 

1917.  I  cite  them  because  they  illustrate  Hunter's  conviction 
that  Nature  is  the  master  sur<>;eon.  We  also  note  that  he 

cured  stiff  joints  by  movement,  and  that  he  preferred  voluntary 

to  passive  movement. 

I  propose  now  to  pass  on  to  1791,  when  Hunter  was  in  his 

sixty-second  year,  and  within  two  years  of  his  sudden  end,  to 

see  him  apply  his  ripest  experience  to  the  treatment  of  ortho- 
paedic cases.  In  March  of  that  year  there  came  into  his  wards 

at  St.  George's  Hospital  a  man  suffering  from  simple  fracture 
of  the  right  femur,  situated  three  inches  below  the  great  tro- 

chanter. Splints  were  ap])lied  and  the  man  was  rested  in  bed, 
but  three  months  later  it  was  found  that  no  union  had  taken 

place.  On  inquiring  into  the  matter  Hunter  then  discovered 

that  his  patient  had  also  an  ununited  fracture  of  the  right 

humerus  of  old  standin<r.  "It  beintr  evident  from  the  circum- 
stances  of  the  arm  that  there  was  a  natural  backwardness  in  the 

constitution  to  form  bony  union."     Hunter  directed  tlie  man 
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'"to  walk  upon  crutches  and  to  press  as  much  on  the  broken 
thigh  as  the  state  of  the  parts  would  admit,  with  a  view  to 

rouse  the  parts  to  action,  forcing  them  by  a  species  of  necessity 

to  strengthen  the  limb."  To  the  uninitiated,  Hunter's 
language  and  reasoning  seem  obscure,  but  to  those  who  know 

the  meanino;  he  attached  to  "  action  "  and  "  necessity "  the 
principles  on  which  he  based  his  treatment  are  plain.  He 

recognised  that  the  power  of  repair  was  inherent  in  living 

tissue ;  it  was  an  essential  property  of  living  matter ;  it  was 

roused  into  being  by  injury — his  "'  stinmlus  of  necessity."  If 
he  had  coined  a  learned  name  from  Greek  or  Latin,  as  has 

been  done  in  the  cases  of  other  obscure  properties  of  living 

matter,  such  as  "  Chemiotaxis,"  "  Heliotropism,"  he  would 
have  impressed  his  followers,  but  in  reality  made  them  no 

wiser.  He  set  the  man  on  crutches  to  call  forth  anew,  by 

means  of  injury,  the  reaction  of  repair  in  the  tissues  between 
the  fractured  ends  of  the  bones ;  the  treatment  was  successful. 

"  In  the  course  of  a  fortnight  there  was  an  evident  firmness 
in  the  bone,  and  in  less  than  two  months  the  patient  could 

walk  with  the  assistance  of  a  stick." 

That  case  was  under  Hunter's  care  in  St.  George's  Hospital 
in  1791.  Hunter  was  interested  in  the  man  and  allowed  him 

to  remain  in  hospital  to  pick  up  strength.  During  that  period 

he  was  seized  with  a  complaint  of  his  bowels,  which  carried 

him  off.  "  The  femur  was  found  to  be  firmly  united  by  bony 
union,  but  the  humerus  admitted  of  motion  in  every  direction 

at  the  fractured  part.  .  .  ."  "  The  arm  was  cai-efully  dissected 
to  examine  the  state  of  the  fractured  parts,  between  which 

there  was  no  callus,  but  a  large  bag,  filled  with  a  glairy  fluid, 

resembling  synovia."  A  false  joint  had  been  formed,  and 
inside  that  joint  lay  thirty  to  forty  loose  l)odies,  similar  to  those 
which  occur  in  certain  kinds  of  disordered  joints.  Their  presence 

at  once  diverted  Hunter's  mind  from  the  "  failure  of  union  "  to  a 
subject  which  had  often  occui)ied  his  attention  in  former  times, 

the  origin  of  loose  cartilaginous  bodies  in  joints.  One  cannot 

read  and  understand  Hunter's  works  unless  one  knows  that  in 

his  opinion  the  film  of  "  coagulable  lymph"  which  united  the 
opposite  sides  of  an  incised  wound  was  a  living  bond.     That 
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film  or  plug  of  coagulable  lymph  (fibrin)  was,  he  believed, 
endowed  with  a  most  marvellous  property.  If  it  lay  between 

the  ends  of  a  broken  bone,  then  it  took  on  "  from  a  species  of 

sympathy  *"  the  texture  and  qualities  of  bone  ;  if  between  the 
cut  ends  of  a  tendon,  then  it  assumed  a  tendinous  texture ;  if 

against  the  cut  end  of  a  nerve  or  a  vessel,  then  it  became 

nervous  or  vascular  in  texture,  as  the  case  might  be.  If,  then, 

blood  were  effused  into  a  joint  and  coagulated  on  the  surface 

of  the  articular  cartilage,  what  was  more  natural  than  to 

suppose  that  it  would,  as  it  became  organised,  assume  the 

nature  of  cartilage  and  form  the  bases  of  the  loose  bodies 

which  occur  within,  and  disturb  the  action  of  joints?  The 

occurrence  of  loose  bodies  within  the  false  joint  of  the  humerus 

he  regarded  as  a  vindication  of  his  theory.  Hunter's  theory 
accounted  for  many  appearances,  but  fifty  years  later  the 

microscope  showed  that  naked-eye  appearances  are  sometimes 
deceptive.  But  no  future  discovery  can  ever  destroy  the 

utility  of  a  working  hypothesis. 

We  see  Hunter  at  his  very  best  when  he  comes  to  speak  of 
cases  where  disordered  action  or  loss  of  function  is  due  to 

damaged  muscles.  From  his  first  day  in  the  dissecting  room 

in  the  autumn  of  1748  to  the  fatal  visit  to  St.  George's  Hospital 
towards  the  close  of  1793,  those  mysterious  and  marvellous 

power  machines  of  the  animal  body — muscles — held  as  in  a 

vice  his  curiosity  and  his  ingenuity.  If  it  is  true — and  I  think 
it  is  true — that  a  knowledge  of  muscles  is  the  beuiiniin<r  and 

the  end  of  all  orthopa?dic  treatment,  then  Hunter  merits  our 

attention  more  than  any  surgeon.  Let  us  see  him  brought 
face  to  face  with  a  case  where  muscles  are  involved.  He  had 

called  on  a  lady  who  suffered  from  the  after-effects  of  a 
broken  patella.  She  was  totally  unable  to  use  the  limb  and 

was  wheeled  about  in  a  chair.  "  Having  spent  a  whole  night 
considering  the  probable  cause  of  her  loss  of  power,  it  apj)eared 

to  me  that  this  space  between  the  two  attachments  of  tlie 

rectus  (between  its  origin  and  patellar  insertion),  being  much 

shortened,  the  utmost  dey-ree  of  its  contraction  would  scarcely 
be  able  to  straighten  itself,  much  less  move  the  patella  and 

leg  also.      I  advised  her  to  sit  as  before  (with  her  leg  dangling 
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•free  of  the  floor),  but  instead  of  having  the  leg  moved  (passive 
movement  to  exercise  the  quadriceps)  to  move  it  herself. 
This  she  could  not  in  the  least  effect  at  first.  I  considered, 

however,  ...  if  the  influence  of  the  mind  were  freely  exerted 

on  the  muscle,  it  would  gain  this  power  of  contraction."  So 
it  proved,  the  lady  gradually  obtained  the  control  and  use  of 
her  limbs. 

.  In  this  case  Hunter's  treatment  was  based  on  his  know- 
ledge of  muscular  action.  He  had  noticed  that  a  muscle 

works  within  definite  limits ;  it  can  contract  under  the 

domination  of  the  will  until  the  shortest  limit  allowed  by  the 

extension  or  flexion  of  the  joint  is  reached;  it  can  elongate 

to  the  farthest  limit  permitted  by  the  flexion  or  the  extension 

of  the  joint.  Hunter  observed,  however,  that  under  certain 
circumstances,  if  a  tendon  be  cut,  or  a  bone  broken,  the  muscle 

could  and  did  contract  beyond  the  shortest  limit  of  voluntary 

contraction.  Every  nniscle,  he  supposed,  when  contracted 

beyond  its  normal  limit,  passed  outside  the  control  of  the  will. 

In  the  case  of  a  broken  patella  he  conceived  that  the  extensor 

(juadriceps  was  in  a  stage  of  extreme  contraction  and  there- 
fore lay  outside  the  influence  of  the  will.  Rut  he  knew  that 

the  will  could  bv  repeated  ett'ort  come  to  dominate  a  muscle  in 
all  positions  of  extreme  contraction  ;  he  knew  that  a  voluntary 
muscle  was  the  most  educable  of  all  structures.  It  was  on 

these  principles  that  he  based  his  treatment  for  this  particular 

case.  How  many  muscles  are  there  to-dav  which  need  the 

simple  reasoning  of  Hunter's  mind  to  help  them  to  regain 
their  powei' of  action?  Rv  a  repeated  and  judicious  exercise 
of  his  will  a  patient  mav  do  niore  to  lielp  the  recovery  of 
muscular  function  than  can  be  accomplished  by  the  most 

coniplicated  of  gvnmastic  machines  and  of  electric  batteries. 

When  Hunter  was  aj)pointed  surgeon  to  St.  (ieorge's 
Hospital  in  17()8 — and  thus  obtained  the  first  real  oppoitunity 

of  applying  his  peculiar  store  of  biological  knowledge — he  was 
already  40  years  of  age.  In  the  previous  year  there  ha|)pened 
two  notal)le  events  in  his  life  :  he  was  elected  to  the  J{oyal 

Society  and  had  the  misfortune  to  rupture  his  tendo  AchiUis 

while  dancing.      It  is  the  latter  event  which  interests  us  here. 
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He  had  been  suffering  from  cramp  in  the  calf  of  his  leg  (he 

was  subject  to  muscular  spasms  and  cramp),  and  as  we  have 

mentioned,  he  had  been  dancing.  He  was  not  married  then. 

He  noted  that  the  rupture  was  unattended  by  pain ;  it  was 

only  when  repair  set  in  that  the  tendon  became  sensitive.  He 
noted,  further,  that  he  had  lost  all  voluntary  control  of 

muscles  yoked  to  the  tendon  ;  by  no  effort  of  will  could  he 

make  the  muscles  of  his  calf  contract.  But  he  also  recognised 

that  when  asleep  the  muscle  obtained  a  power  of  involuntary 

contraction.  He  clearly  did  not  understand  why  the  nuiscles 

should  pass  out  of  action  during  consciousness,  and  assume  a 

power  to  act  during  sleep.  He  knew  nothing  of  the  structure 

and  functions  of  the  spinal  cord,  nor  the  significance  of  that 
kind  of  action  we  call  reflex.  That  knowledije  came  with 

Marshall  Hall.  The  treatment  he  applied  to  cases  of  ruptured 

tendo  Achillis  was  the  following.  He  encircled  the  calf  of 

the  leg  with  a  bandage  to  prevent  "  involuntary  movements," 
and  applied  an  apparatus  during  the  night  "  to  steady  the 

muscles."  After  the  first  day  or  two  following  the  accident 
he  allowed  the  patient  to  walk  about,  with  the  heel  of  the 

boot  somewhat  raised  on  the  injured  limb,  and  instructed  him 

to  step  off  the  inner  side  pf  the  heel,  as  is  the  manner  with 

those  who  suffer  from  fiat  foot.  By  these  simple  means  union 

of  the  ruptured  tendon  was  secured  and  a  full  return  of  power 
to  the  nuiscles  of  the  calf  was  effected. 

At  the  time  Hunter  suffered  from  this  accident  he  had 

already  ac(]uired  two  acres  of  land  at  Earl's  Court,  where  he 
established  what  would  be  described  nowadays  as  an  experi- 

mental station.  Healing  of  tendons  became  a  matter  of  interest 

to  him.  Ottley  states  that  he  cut  the  tendons  of  dogs  by  a 

subcutaneous  method.  Hunter's  experiments  constitute  the 
earliest  records  we  have  of  such  operations.  We  know  from 

Everard  Home  that  one  of  the  deer  then  kept  at  EarFs  Court 

had  a  tendo  Achillis  cut  for  a  double  ))urpose — to  keep  it 
from  junn)ing  the  enclosing  fence  at  EarFs  Court,  and  at  the 

same  time  to  provide  information  as  to  the  mode  in  which 
the  breach  in  a  tendon  was  healed.  He  found  that  a  space 

between  the  separated  ends  was  no  bar  to  union  ;  coagulated 
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lymph,  thrown  out  between  the  broken  ends,  could  eventually 

provide  a  strong  bridge  across  a  wide  gap.  After  Hunter's 
death  it  was  found  that  the  cicatricial  bond  in  his  tendo 

Achillis  had  become  calcified. 

We  now  come  to  another  side  of  Hunter''s  teachiug 
regarding  the  nature  and  action  of  muscles  which  has  an 

important  application  to  present-day  conditions.  We  may 
call  this  part  of  his  teaching,  in  order  to  distinguish  it,  the 

principle  of  the  "  minimal  load."  Let  me  explain  by  use  of  an 
example  what  is  meant  by  that  expression.  Let  us  take  the 

case  of  a  labourer  who  has  just  recovered  fi'om  typhoid  fever. 
AVe  want  to  test  his  strength.  We  ask  him  to  lift  and  carry 

a  sack  containing  two  cwt.  of  coal.  We  should  be  very  foolish 

if,  when  we  find  he  cannot  move  it,  we  conclude  that  he  has 

no  strength.  Yet  that  is  how  the  strength  of  weakened  and 

disabled  muscles  is  being  tested  now  in  many  instances.  Let 
us  take  the  case  of  the  deltoid  muscle.  If  we  start  it  into 

action  as  the  arm  lian<is  by  the  side,  it  has  to  move  its 

maximum  load  at  the  very  start,  it  has  then  to  lift  the  weight 

of  the  arm  when  its  purchase  is  at  a  minimum.  Tlie  deltoid 

may,  when  so  tested,  apjiear  absolutely  paralysed,  yet  if 
the  disabled  man  lies  on  his  back  with  his  arm  half  abducted, 

and  its  weight  supported  on  a  board,  and  we  then  apply  tlie 

principle  of  the  "  minimal  load,"  it  may  be  found  that  the 
muscle,  far  from  being  [)aralysed,  has  a  very  considerable 

power  of  action. 
It  is  characteristic  of  Hunter  that  he  never  did  halt  or 

bend  to  point  out  the  immediate  practical  application  of  his 

observations  and  "  principles."  He  gives  us,  as  it  were,  the 
stick  and  the  knife,  but  expects  that  we  ourselves  will  do  the 

whittling.  That  is  why  Hunter  is  a  prince  to  the  thinking 

surgeon  and  only  a  babbler  to  the  merely  practical  one.  He 

tells  you  the  position  of  a  joint  which  gives  a  nuiscle  its 

greatest  power;  he  points  out  that  the  weiglit  of  a  liml)  is  a 

heavy  burden  ;  he  recognises  that  nniscles  may  be  weakened 

from  many  causes;  he  insists  on  the  mastery  which  the  will 

can  obtain  over  then),  but  nowhere  dt)es  he  fornudate  these 

observations  into  a  system  to  be  ap[)lied   to  the  treatment  of 
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disabled  muscles.  Indeed,  I  must  own  that  without  the  aid 

of  my  friend  Dr.  W.  Colin  MacKenzie  I  should  never  have 

realised  the  practical  bearing  of  many  of  Hunter's  facts. 
Dr.  MacKenzie  makes  no  claim  to  be  the  discoverer  of  the 

"  minimal  load "  treatment  of  disabled  muscles,  but  I  am 
certain  that  no  one  has  realised  its  practical  importance  more 

than  he,  and  no  one  has  realised  and  applied  the  right 

methods  to  the  restoration  of  disabled  muscles  with  a  greater 

degree  of  skill.  When  you  have  discovered  that  a  muscle 

loaded  to  a  minimal  degree  can  exhibit  a  spark  of  movement, 

then  you  have  to  bring  the  will  to  bear  upon  that  spark.  As 

it  grows  you  will  be  able  gradually  to  increase  the  load  and 

thus  nurse  what  is  often  regarded  as  a  useless  structure  back 

to  a  fair  or  full  degree  of  vigour.  Dr.  MacKenzie's  methods, 
as  revealed  by  his  published  results,  bespeak  infinite  patience 

and  perseverance  on  the  part  of  both  surgeon  and  patient, 

and  these  ai-e  qualities  which  are  hard  to  obtain  in  either 
surgeon  or  patient.  By  citing  this  instance  I  again  bring  yoii 

back  to  the  bed-rock  of  Hunterian  teaching:  the  only  rational 
means  of  treatment  are  those  which  are  based  on  the  natural 

recuperative  powers  of  the  body. 

One  other  aspect  of  Hunter's  teaching  has  a  bearing  on 
the  treatment  of  disordered  or  j)aralysed  nuiscles.  He  was 

not  the  first  to  realise  that  it  is  impossible  for  a  muscle  or  a 

set  of  muscles  to  contract  unless  their  antagonists  are  called 
into  action  at  the  same  time.  He  learned  that  doctrine  as  a 

student  from  Winslow's  excellent  text-book  of  Anatomy  ;  but 
he  did  realise  more  than  anyone  who  went  before  him  that  the 

relaxation  of  the  extensor  or  antagonist  muscle  was  just  as 

important,  as  real,  and  as  vital  an  act  as  the  contraction  of  the 

flexor  or  prime-moving  muscle.  He  never  could  determine 
whether  the  relaxation  of  the  antagonist  was  due  to  a 

voluntary  or  an  involuntary  stimulus.  That  doubt,  we  shall 
see,  has  been  resolved  in  recent  times.  The  surgeon  must 

always  think  in  terms  not  of  single,  l)ut  of  linked  or  opposed 

muscle  grouj)s. 

All  through  his  professional  career  Hunter  was  ever  seek- 
ing to  obtain  a  more  intimate  knowledge  of  how  injured  or 
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diseased  parts  of  the  body  were  healed.  His  aim  was  to 

supply  the  conditions  which  were  favourable  for  the  recovery 
of  health  and  to  withdraw  those  which  were  unfavourable ; 

more  than  that  he  believed  no  surgeon  could  do.  Every  case 
he  attended,  whether  the  issue  was  a  success  or  a  failure,  led 

him  to  readjust  his  stock  of  knowledge  in  the  light  of  the 

experience  which  it  had  yielded  him.  Hence  it  was  that  from 

year  to  year  his  art  ripened.  "  Never  ask  me,'"  said  he  to  a 
pupil,  "  what  I  have  said  or  written,  but  ask  me  what  my 

present  opinions  are,  and  I  will  tell  you."  Sir  Astley  Cooper, 
when  a  medical  student,  reminded  him  that  in  a  previous 

year  he  had  expressed  a  different  opinion.  "  Very  likely  I 

did,"  replied  Hunter,  "  I  hope  I  grow  wiser  every  year."  In 
the  years  just  previous  to  his  death  he  prepared  for  publication 

a  work  ̂   into  which  he  compressed  the  repeated  and  tested 

experience  of  thirty-two  restless,  crowded  but  observant  years. 

We  are  to  look  for  a  moment  at  the  means  which  the  expei'i- 

ence  of  a  lifetime  led  Hunter  to  adopt  in  the  ti'eatment  of 

"  Diseased  and  Wounded  Joints  respecting  their  Moticm."  ̂  
We  are  to  trv  and  ascertain  what  Hunter  would  do  if  he 

were  now  recalled  to  take  his  place  in  one  of  our  modern 

orthopjedic  hospitals.  We  know  with  certainty  that  before 

he  would  attempt  to  restore  movement  to  a  stiffened  joint  or 

limb — that  joint  or  limb  nuist  first  be  free  from  inflammation 

— from  acute  disease.  He  held  that  "  nothing  can  promote 
contraction  of  a  joint  so  much  as  motion  before  the  disease  is 

removed.  .  .  .  \\'hen  all  iiiflannnation  is  gone  off,  and  healing 

has  begun,  a  little  motion,  and  frequently  repeated,"  so  Hunter 
thought,  "  is  necessary  to  prevent  healing  taking  place  with 

the  parts  fixed  in  one  position."  He  preferred  voluntary  to 
passive  movements — if  the  muscles  still  retained  any  power  of 
volitional  contraction.  He  was  well  aware  tiiat  inflammation 

must  be  followed  bv  a  state  of  stiffness,  for  there  could  be  no 

inflannnatioii  witiiout  adhesions  being  formed  in  the  tissues 

affected.     "  Hut  the  parts  will  stretch  and  the  motions  again 

'  A  Treatise  on  the  Blood,  Inflammntiou,  and  Gunshot  Wounds.      Kditcil 
by  Everard  Home.      1794. 

-  See  vol.  i.  o.  581  (Palmer's  ̂ .-dition  of  Collected  Works). 
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become  free  by  gradual  motion  and  by  friction.""  Hunter, 
then,  would  treat  our  modern  cases  of  stiffened  limbs  and  joints 

by  instituting  voluntary  or  passive  movements  and  by  the 

application  of  massage,  "  In  healing  of  wounds  by  granula- 

tions" he  anticipated  that  the  rigidity  would  be  greater, 
particularly  so  "  if  there  has  been  a  loss  of  substance  from 

mortification  and  gunshot  wounds."  In  such  cases,  and  they  are 
the  commoner  kind  in  our  modern  military  practice,  "  more 
attention  is  requisite.  If  the  inflammation  has  been  violent, 

or  if  the  disease  period  of  healing  has  been  greatly  prolonged, 

active  or  voluntary  movement  on  the  part  of  the  patient  may 

be  ineffective  owing  to  the  extreme  weakness  of  the  muscles 

which  act  on  the  disabled  joint."  In  such  cases  we  find  that 
Hunter  would  resort  to  one  of  three  methods  of  aiding  the 

weakened  muscles  to  move  the  segments  of  a  limb.  (1)  The 

hands  of  "  another  person  "  may  come  to  their  aid  ;  (2)  the 
limb  may  be  placed  in  such  a  position  that  gravity  will  aid 
the  weakened  set  of  muscles.  If  the  knee  is  fixed  in  a  flexed 

position  and  the  quadriceps  extensor  is  weak,  then  by  placing 

the  patient  face  downwards  on  his  bed,  the  extensor  muscles 

are  aided  in  their  efforts  by  the  weight  of  the  leg  and  foot. 

(3)  A  weakened  group  of  muscles  may  be  aided  by  loading 

their  opponents  as  by  placing  a  weight  in  the  hand  to  aid  the 

triceps  extensor  of  the  elbow  in  overcoming  the  contracted 

flexors  of  that  joint. 

Hunter  regarded,  and  rightly  regarded,  muscles  as  the  most 

"  educable  "  of  all  the  structures  of  the  body.  Clearly  it  was 
his  opinion  that  a  surgeon  could  not  undertake  their  manage- 

ment and  treatment,  unless  he  looked  at  them  with  the  eve  of 

a  psychologist.  Let  me  take  one  of  his  examples — a  case 
where  the  muscles  of  the  calf  were  in  a  state  of  over-contraction 

and  permanently  shortened — no  matter  what  the  cause  of  that 
shortening  may  have  been.  His  directions  for  treatment  are 

that  the  calf  muscles  must  be  encouraged  to  relax  and  must  be 

prevented  from  over-contracting.  "  In  this  case  we  should 
give  support  to  the  heel  in  a  degree.  By  this  means  the 

patient,  convinced  of  his  ability  to  bring  his  heel  as  low  as  the 

support  requires,  will  cease  voluntarily  to  contract  the  gastro- 
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cnemius  and  soleus  muscles  and  they  by  degrees  will  acquire 

the  property  of  relaxing  themselves,  which,  if  the  lieel  was 

entirely  supported  at  first,  they  would  have  no  occasion  for, 

and  while  altogether  unsupported  they  never  could.'"'  From 
the  instance  just  cited  it  will  be  seen  that  Hunter  regarded 

muscles  as  semi-conscious  living  things  which  had  to  be  coaxed 
and  humoured  back  to  health.  Another  instance  will  show 

the  importance  he  attached  to  the  mastery  of  muscles  by  the 

brain.  "  Suppose  the  elbow  is  contracted  and  I  want  to  put 
the  flexor  muscles  into  an  elongated  state,  neither  the  muscles 

nor  mind  being  able  to  do  this.  The  hand  apparently  is  not 

heavy  enough  (to  overcome  the  resistance  of  the  shortened 

flexors  of  the  elbow-joint),  but  suppose  I  should  then  put  a 
little  weight  into  the  hand,  in  order  to  assist  them  a  little. 

Then  the  mind  will  be  fixed  on  the  support  of  the  weight;  the 

flexors  will  support  it,  being  influenced  by  the  mind.  Thus 

we  shall  do  harm  hjj  increasing'  the  pozcer  of  the  Jle.rot\s:  But 
if  the  mind  is  fixed  on  the  extensors  (on  the  extension  of  the 

elbow-joint),  and  not  at  all  on  the  support  of  the  weight,  then 
the  weight  will  be  serviceable  by  extending  the  flexors  while 

contractin";  the  extensors."  Great  artists  are  said  to  mix 
their  paints  with  brains ;  examples,  such  as  I  have  given,  show 
that  the  cjreat  surgeon  makes  brains  the  chief  ingredient  of  his 

prescription. 
Hunter  was  keenly  interested  in  the  wasting  of  muscles. 

He  saw  that  when  a  joint  or  ])art  became  the  seat  of  injury 

or  of  disease,  the  nuisclcs  which  acted  on  the  joint  became 

rapidly  reduced  in  si/e  and  strength.  He  noted  that  if  the 

hip-joint  were  affected,  wasting  did  not  proceed  beyond  the 
knee,  or  if  the  slioulder  were  the  seat  of  disease,  beyond 

the  elbow.  He  knew  that  the  wasting  was  not  due  to  want  of 

use,  for  the  opposite  sound  limb,  which  was  used  as  little  as  the 

diseased  limb,  showed  no  corresponding  degree  of  muscular 

atrophy.  Hunter  supposed  that  the  nuiscles  wasted  from  "a 

species  of  sympathy  "'  which  linked  them  with  the  joint  on 
which  they  act.  Nowadays  we  have  changed  the  phrase,  but 

by  "reflex  action  "  we  mean  exactly  what  Hunter  meant  by 

"  a  species  of  sympathy." 
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He  had  a  cleai-  conception  of  the  wreckage  left  within 
a  part  when  the  storm  of  inHannnation  had  subsided.  During 

the  storm  "coagulable  lymph  " — our  "inflammatory  exudate  " 

— had  been  thrown  out  in  all  the  "  cells "  or  spaces  which 
permeate  and  surround  every  particle  of  living  tissue  and 
movin<>;  structure.  Hunter  had  studied  the  transformation  of 

"  coagulable  lymph  "  into  adhesions — adhesions  which  bound 
together  parts  which  were  meant  to  glide  and  slide  when  limbs 
are  moved.  Stiffness  was  a  necessary  result  of  inflammation. 

We  have  seen  that  he  relied  on  movements — voluntary  in  the 

first  place,  and  passive  in  a  minor  degree — to  elongate  such 
adhesions,  little  by  little.  We  have  seen  he  also  used  friction, 

"  Friction  with  vinegar,  lees  of  wine,  spirits  of  wine  have  been 
recommended.  Whether  these  last  remedies  serve  any  useful 

purposes  or  not,  I  am  undetermined."  "  If  pressure  is  used  as 
a  stimulant,  it  must  be  gentle  ;  if  violent  it  will  irritate  and 

produce  vesication,  as  we  see  in  bed-ridden  people.  Pressure 
produces  increase  of  action,  by  first  impeding  action,  the 

impediment  acting  as  a  stimulus  on  the  part.  Friction  is 

more  powerful,  more  active  and  innnediate  than  pressure ;  it 

rouses  the  parts  to  action  and  excites  a  warmth  in  them. 

Stimulating  or  irritating  lotions  render  friction  more  powerful 

in  torpid  parts.  Fibres,  by  fre(]uent  rubbing,  are  stretched 

and  lengthen." 
More  than  anyone,  Hunter  tried  to  discover  the  effects  of 

heat  and  cold  when  applied  locally  to  assist  healing.  "  ̂Vater, 
as  it  conducts  quicker,  is  a  better  vehicle  for  the  application  of 

heat  than  air."  Tissues  which  had  been  weakened  by  inflam- 
mation he  supplied  witli  warmth  and  shelter  as  they  battled 

for  restoration.  Such  tissues  are  weak  and  have  lost  their 

normal  power  of  responding  by  an  increase  of  action  of  meta- 

bolic exchange — w^hen  exposed  to  the  depressing  effects  of 

cold.  In  the  early  stages  of  treatment  warmth  was  regarded 

by  Hunter  as  a  first  necessity.  In  later  stages  Hunter  had 

proved  by  experiment  that  cold  could  act  as  a  tissue  stiuuilaut 

— cold  applied  in  an  intermittent  way.  As  to  electricity,  his 

statement  was  necessarily  guarded  by  its  novelty  as  a  means  of 

treatment.     "  Electricity,"  he  states,  "  is  the  only  application, 
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perhaps,  which  can  be  said  to  peneh'ate,  and  its  inflnence  is 

very  extensive.'^  But  as  to  the  exact  nature  of  that  influence 
we  know  to-day  Httle  more  than  Hunter  did  in  1793. 

We  have  seen  that  the  means  which  Hunter  apphed  for 
the  restoration  of  movement  to  Hmbs  which  had  been  stiffened 

by  injury  or  disease  Wcvs  a  reasoned  system  of  mechanical 

therapeutics.  Elis  was  a  system  of  mechanico-therapy  grounded 
on  a  knowledge  of  the  powers  of  the  human  bodv.  He  was 

persuaded  that  the  power  to  heal  was  a  property  of  living 

tissue,  but  the  power  to  recover  function — the  function  of  joints 

and  muscles — was  a  property  of  the  patient's  will  and  brain. 

His  opinion  was  that  it  is  the  surgeon''s  business  to  direct, 
encourage,  and  interest  that  will  and  brain.  \Vithout  the 

patient^s  active  assistance  the  surgeon's  best  efforts  are  in  vain. 
Our  modern  experience  has  shown  that  Hunter  was  right. 

Surgeons  who  have  accepted  the  principles  which  he  taught  and 

have  sought  to  restore  lost  or  lessened  movements  by  giving 
the  men  conirenial  tasks  that  lead  to  voluntary  exercise  of 
weakened  muscles  have  succeeded  best.  If  we  had  followed 

Hunter  we  should  never  have  made  the  mistake  of  supposing 

that  elaborate  Imtteries  of  gymnastic  machines  could  take  the 

place  of  the  thinking  brain  of  the  surgeon  and  the  willing 
response  of  the  disabled  soldier. 
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John  Hilton, 
About  the  year  1867,  when  he  was  60  years  of  age. 

CHAPTER  II 

JOHN  HILTON^S  PRINCIPLES  OF  TREATMENT 

John  Hilton  was  born  in  1807  near  the  rural  village  of  Castle  Heding- 
ham,  situated  in  the  northern  part  of  the  county  of  Essex,  some  fifty 
miles  to  the  north-east  of  London.  Of  his  people  and  of  his  boyhood 

we  are  quite  ignorant.  His  life  may  be  marked  out  into  the  following 

stages  : 

(i)  His  boyhood  from  1807  to  1824,  when  he  became  a  pupil  at  Guy's 
Hospital  at  the  age  of  17.  Before  becoming  a  medical  student 
he  attended  the  grammar  school  at  Chelmsford,  and  was  for 
some  time  in  France,  at  a  school  in  Boulogne. 

(2)  .V  "dissecting-room"    stage,   extending   from    1S24,   when    he    had 
entered  his  eighteenth  year,  until  1845,  when  at  the  age  of  38  he 

became  assistant-surgeon  to  Guy's  Hospital  and  lecturer  on 
Anatomy.  In  this  stage  of  his  life  he  lived  quietly  in  the 
suburbs  and  earned  his  living  by  demonstrating  anatomy  and 

physiology  at  Guy's  Hospital,  and  also  performing  examinations 
in  the  post-mortem  room.  It  was  in  this  phase  that  he  carried 
out  his  observations  on  the  skull,  arteries,  and  nerves,  and  laid 

the  foundation  of  his  knowledge  of  the  human  body. 

(3)  A    "surgeon-anatomist"    stage,    extending    from     1S45    to     1853, i3 
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when  he  lectured  on  anatomy  and  served  as  surja^eon  at  Guy's 
Hospital.      He  took  up  his  residence  in  the  City  in   New   Broad 

Street — where  Sir  Astley  Cooper  had  practised. 

(4)  A  "Rest  and  Pain  "  period  which  covers  his  successful  professional 
life  from   1853,   when  he  w-as  46,  until    1S78,   when  he  died  from 
cancer  of  the  stomach  at  the  age  of  71.      The  last  decade  of  his 

professional  career  covers  the  opening'  period  of  Listerism. 

A  period  of  thirty-one  years   intervenes   between    Hunter's   death   and 
the    entrance    of  John    Hilton    as    a   student  at  Guj's  Hospital.      In  that 
interval    medical    schools    had    been    established    within    the  walls  of   the 

great  Metropolitan  hospitals.      In   1824  Guy's  and  St.  Thomas's  Hospitals 
stood  side  by  side  in  the  Borough  near  the  south  end  of  London   Bridge. 

In  Hilton's  time  the  schools  of  the  two  hospitals  became  separated  (1836). 
Through   Henry  Cline  and  Astley  Cooper,    Hunterian  teaching  was  well 

known  at  St.  Thomas's  in  Hilton's  student  days,  for  both  had  been  pupils 
of  Hunter.      Hilton  differed  altogether  from  Hunter  in  that  he  had  not  the 

genius  for  devising  experiments  to  extend  knowledge.      But  he  resembled 
Hunter  in  seeking  to  fathom  the  meaning  of  experiments  which   Nature 
made  for  him. 

IN  the  spring  of  1862  John  Hilton  completed  in  the  theatre 

of  the  Royal  College  of  Siu'geons  a  series  of  lectm'es, 
which,  when  publi.shed  in  book  form  under  the  title  of  Rest 

and  Pain,  won  an  enduring  place  in  the  minds  and  hearts  of 
medical  men.  licst  and  Pain  is  a  title  with  more  than  a 

touch  of  romance  in  it ;  it  prepares  you  to  expect  the  finely 

chiselled  face  of  a  poet ;  but  the  man  who  wove  those  vivid 
and  incisive  lectures  from  material  freshly  leathered  at  the 

bedside,  had  nothing  of  the  poet  about  him.  His  was  a  flat, 

rotund,  plainly  moulded,  robust  and  honest  face.  His  con- 
temporaries tell  us  that  he  had  the  outward  appearance  of  a 

dapper,  prosperous  City  man.  There  was  nothing  at  all  of  the 

student's  cast  of  countenance  about  this  man,  whose  skilful 
practice  we  are  to  follow.  Rut  there  is  much  to  suggest  a 

taste  in  dress.  He  liked  a  waistcoat  with  a  decisive  pattern 

— one  which  was  linked  from  pocket  to  pocket  with  a  heavy 
gold  chain  and  showed  an  ample  shirt  front.  There  is  no 

trace  in  him  of  the  Society  man  ;  he  cold-shouldered  all  the 
world,  save  the  few  he  selected  for  associates  and  friends.  He 

could  be,  and  often  was,  overbearing,  rude,  and  mordantly 

sarcastic.  But  we  shall  see  that  he  faced  adversity  with  a 

brave  heart,  asking   no   favour,  and   having   no   fear  of  any 
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man  ;  knowing  well  that  he  had  that  to  sell  which  tlie  world 

must  buy  not  at  its,  but  at  his  price. 

Having:  thus  introduced  John  Hilton  when  he  had  estab- 

lished  for  himself  a  sure  place  in  British  surgery,  I  propose 

now  to  turn  to  his  earlier  years,  and  watch  his  growth  in 

knowledge.  Hunter  served  the  apprenticeship  to  his  life's 

career  in  the  dissecting  room ;  so  did  John  Hilton.  Hunter's 

dissecting  room  was  in-  Covent  Garden  ;  Hilton's  lay  in  the 
Borough,  beyond  the  south  end  of  London  Bridge.  In  the 

year  1824,  when  Hilton,  a  lad  of  17,  came  from  Chelmsford 
Grammar  School  to  commence  his  medical  studies,  the  twin 

hospitals  of  St.  Thomas's  and  Guy's  were  cheek-by-jowl  in 
the  Borough.  They  had  a  common  dissecting  room  when 

Hilton  attached  himself  to  Guy's.  We  know  that  he  was 
born  at  Castle  Hedingham,  in  the  upper  reaches  of  the  Colne, 

in  North  Essex — as  pure  a  Saxon  settlement  as  is  to  be  found 
anywhere  in  England.  He  was  a  Saxon  in  build  of  body  and 

in  frame  of  mind.  As  to  his  people,  I  can  discover  nothing, 

but  they  were  apparently  not  well  off,  for  Hilton  could  not 

afford  to  pay  the  surgeon-a})prentice's  fee  which  would  have 
secured  for  him  the  privileges  of  climbing  to  the  highest  position 

in  the  hospital.  Hunter  had  been  dead  more  than  thirty  years 

when  Hilton  entered  the  Borough  in  1824,  but  his  name  and 

teaching  were  kept  green  there  by  two  ardent  Hunterian 

pupils  and  disciples,  Henry  Cline  and  Sir  Astley  Cooper. 
Hilton  could  begin  where  Hunter  left  off. 

In  1828,  at  the  age  of  21,  having  taken  the  diploma  of  the 

College  of  Surgeons,  he  entered  the  dissecting  room  of  Guy's 
Hospital  as  demonstrator  of  Anatomy,  and  there,  and  in 

the  post-mortem  room,  he  was  destined  to  abide  and  work 
for  seventeen  long  years  when,  in  1845,  at  the  ripe  age  of 

38,  he  was  appointed  assistant-singcon  to  the  hospital  and 
lecturer  on  Anatomy.  Like  Hunter,  he  served  his  apprentice- 

ship to  surgery  in  the  dissecting  room.  Only  it  was  a 

different  apprenticeship.  There  was  a  home  in  the  suburbs, 

but  no  experimental  station,  no  sedulous  cross-examination 
of  freezing  eggs,  incubating  chicks,  or  primitive  hydra 

to  yield    the  secrets  of  life.     Certain   things   had   happened 
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since  Hunter's  death  which  influenced  the  men  of  Hilton's 
time.  Archdeacon  Paley  had  cast  a  spell  on  the  marvellous 

mechanisms  of  the  human  body.  It  l)ecame  the  chief  duty 

of  the  anatomist  to  discover  the  utility  and  design  of  every 

one  of  its  many  structures.  Hence  we  find  Hilton  in  the 

dissecting  room  seeking  continuously  for  an  explanation  of 

the  arrangement  and  use  of  its  various  parts.  He  turned 

his  attention  to  the  distribution  of  arterial  trunks,  and  sought 

for  a  functional,  or — as  his  contemporaries  would  have  phrased 

it — a  teleological  explanation.  For  him  the  internal  maxillary 

became  the  "  artery  of  mastication  " ;  it  was  designed  and  laid 
down  to  supply  all  the  parts  concerned  with  the  jaws  and 

the  muscles  which  moved  them.  Its  large  middle  meningeal 

branch,  far  from  proving  his  thesis  to  be  wrong,  proved  its 

truth,  for  did  it  not  supply  that  temporal  area  of  the  skull 

which  provided  a  firm  basis  for  the  largest  of  masticating 

muscles — the  Temporal  ?  On  the  same  basis  he  explained 
the  distribution  of  the  brandies  of  the  subclavian  arteries ; 

they  were  "  respiratory  vessels,"  destined  to  supph'  muscles 
and  bones  concerned  in  the  act  of  respiration.  The  cceliac 

axis  was  the  "  artery  of  digestion " ;  it  supplied  the  organs 
innnediately  concerned  in  that  act.  We  see  him  hot  foot  in 

the  application  of  the  doctrine  of  utilitarianism  to  the 

structure  of  the  human  body. 

Certain  events  which  occurred  just  before  and  just  after 

he  became  demonstrator  at  Guy's  in  1828  turned  his  attention 
to  the  manner  in  which  nerves  are  distributed ;  these  were 
the  discoveries  of  Charles  Bell  and  of  Marshall  Hall.  On 

becoming  a  medical  student,  Hilton  could  not  have  escaped 

the  glamour  of  the  doctrine  which  Charles  I3ell  was  still 

jjreaching  from  the  precincts  of  Piccadilly  ;  for  the  first  time 

a  utilitarian  explanation  of  nerve  roots  had  been  given  ;  for 

the  first  time  it  was  shown  that  the  nerves  going  to  muscles 

were  comj)ound  in  nature;  they  contained  fibres  which  carried 

messages  from  the  brain  to  the  nuiscles,  and  also  others  which 
carried  messat^es  from  the  muscles  to  the  brain.  It  was  late 

in  1832,  just  as  Hilton  was  commencing  his  fifth  year  in  the 

dissecting  room,  that  Marshall  Hall,  working  in  a  laboratory 
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extemporised    in    his    Bloomsbury    home,    announced    to    an 

incredulous  world  his  discovery  of  a  "  reflex  " — or,  as  he  pre- 
ferred to  call  it,  the  "  excito-niotor" — function  in  the  spinal 

cord.     We    shall    see   that  Hilton  never  did  understand  the 

nature  and  full  significance  of  Marshall  Hall's  discovery,  but 
nevertheless  it  bent  him  towards  the  investigation  of  nerve 

distribution.     Hence   we    find   him    dissecting  out  the    exact 

distribution  of  the  laryngeal  nerves  ;  he  shows  that  the  nerve 

which  furnishes  the   mucous    membrane    of   the    larynx  with 

sensory  fibres  also  supplies  its  nuiscles  with  motor  fibres.      For 
him   that  observation  became  the  basis  of  a  law — the  nerve 

which  supplied  the  muscles  and  controlled  the  movements  of 

a  part  also  served  the  skin  and  other  sensory  surfaces  which 

were  connected  with   that   part.     For  him   the  nerve  trunk 

became  the  functional  element  or  unit ;  he  preferred  to  work 
on  what  seemed  a  solid  anatomical  basis  rather  than  to  trust 

himself  to  the  intangible  "  excito-motor "'''  theory  of  Marshall 
Hall.     He  applied  himself  to  the  investigation  of  the  nerve 

supply  of  joints.     In  the  hip  he  observed  that  the  three  nerve 

trunks — anterior  crural,  obturator,  and  sciatic — which  supply 
the  muscles  which  act  on  the  joint,  also  send  sentinel  brandies 

to  the  joint  itself.     By  such  an  arrangement  he  believed  a 

consensus  of  action  was  obtained  ;  the  articular  sentinels  kept 
their   muscular   colleagues   informed   as   to    the    condition    of 

parts    within    the  joint   at   all    stages  of  a  movement.      In 

the   knee-joint   he   found  further  confirmation   of  his   belief; 

the  obturator  nerve  sent  a  twig  to  the  knee-joint  because  the 
gracilis — an    obturator    or   adductor    nuiscle — acted    on    tliat 

joint.      For  the   same   reason   the   nerves  which  supplied  the 

extensors  and  flexors  of   the    knee    also    supplied    the   joint. 

At  the   knee-joint  he  was  able  to  go  a  step   further.     The 
nerves  which  supplied  a  joint  also  supplied  the  sentient  skin 

which  enclosed  and  protected  the  joint. 

Hilton's  application  of  this  thcorv  to  the  knee-joint 
presented  him  with  a  difliciilty  ;  tiie  internal  saphenous  nerve, 
which  furnishes  a  large  branch  to  the  skin  of  the  knee, 

is  distributed  chieflv  in  the  leg  and  foot.  A  nerve  which 

observed  liis  theory  should  not  do  a  thing  like  that.     Hilton's 
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was  an  eminently  logical  mind,  and  this,  which  seemed  an 

exception  to  his  law  of  "  consensual  distribution,"  was  turned 
to  its  support  in  the  following  manner.  The  sartorius  muscle 

acted  not  only  on  the  knee-joint,  but  through  its  fascial 
insertion  on  the  whole  of  the  inner  side  of  the  les;.  It  was 

necessary,  he  conceived,  that  a  nerve  of  a  muscle  group  should 

supply  the  skin  over  its  entire  area  of  action,  and  hence  the 

extension  of  the  distribution  of  the  internal  saphenous  nerve 

to  the  inner  side  of  the  leg.  He  supported  his  contention 

by  an  appeal  to  the  upper  extremity  ;  tlie  posterior  circumflex 

— the  nerve  of  the  shoulder-joint — sent  cutaneous  branches 
beyond  the  deltoid,  because  that  muscle  had  an  insertion  to 

the  fascia  of  the  arm ;  the  musculo-cutaneous  of  the  arm  sent 

a  branch  to  the  forearm  because  the  biceps,  by  its  fascial 

insertion,  acted  on  the  forearm.  In  the  dissecting  room — 

and  afterwards  in  his  surgical  lectures — we  shall  often  find 

him  straining  a  hypothesis  far  beyond  its  breaking-point. 
But,  right  or  wrong,  it  was  just  because  he  tried  to  explain 

appearances  and  kept  his  eye  ever  on  the  alert,  that  he 

became  a  power  in  British  sin'gerv.  In  1839,  while  still 
engaged  in  these  dissectiijg-room  researches,  he  was  elected 
to  the  Roval  Society  at  the  ao-e  of  32.  In  his  nomination 

form  he  is  described  as  "a  gentleman  nuich  attached  to  the 

science  of  Anatomy  and  Physioloijv." 
We  are  now  to  follow  Hilton  when  he  is  launched  in  the 

field  of  surgery,  at  the  ripe  age  of  38,  and  watch  him  apply, 

in  the  treatment  of  joints,  muscles,  and  nerves,  the  knowledge 
he  had  gained  during  the  seventeen  years  of  continuous  labour 

in  the  dissecting  and  post-mortem  rooms.  In  some  respects 
he  is  to  out-Hunter  Hunter.  He  never  leaves  us  a  moment 

in  doubt  as  to  the  role  the  surgeon  is  to  play  in  the  treat- 
ment of  disease.  He  must  be  nothing  more,  and  notliing 

less,  than  Natuie's  humble  assistant.  At  the  end  of  his 
fourteenth  lecture  he  sunnued  up  his  philosophy  in  these 
words  : 

"  By  regarding  this  subject  of  physiological  and  mechanical 
rest  in  what  I  conceive  to  be  its  proper  professional  light,  the 

surgeon  will  be  compelled  to  admit  that   lie  Inis  no  /xnccr  to 
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repair  directly  any  injury.  It  will  induce  him  to  acknowledge, 

in  all  humility,  that  it  is  the  prerogative  of  Nature  alone  to 

repair  the  waste  of  any  structure.  He  will  thus  realise  that 

his  chief  duty  consists  in  ascertaining  and  removing  those  im- 
pediments which  obstruct  the  reparative  process  or  thwart  the 

effort  of  Nature,  and  thus  enaljle  her  to  restore  the  parts  to 

their  normal  condition."  In  such  an  instance  we  see  that 
Hilton  had  the  art  to  clothe  in  flowing  lines  certain  thoughts 

which,  although  familiar  to  Hunter,  found  from  him  but  a 
laboured  utterance. 

Nor  can  I  resist  quoting  here  another  instance  fi-om  his 
third  lecture,  which  shows  us  not  only  his  opinion  of  the 

surgeon's  place  in  the  temple  of  yEsculapius,  but  gives  us  a 

glimpse  of  Hilton's  humanity  and  his  command  of  idiomatic 
English,  learned  while  a  boy  at  Castle  Hedingham. 

"  A  surgeon  from  the  country  lately  came  to  my  house 

with  a  patient.  He  said :  '  I  want  to  consult  you  about  a 

young  lady  who  has  a  diseased  toe.'  With  her  was  a  relative, 
an  elderly  gentleman,  a  very  kind-hearted  man,  who  thinks 
himself  a  good  surgeon,  and  goes  about  doctoring  people, 

sometimes  doing  harm  and  sometimes  perhaps  a  great  deal 

of  good.  He  is  very  fond  of  animals,  and  has  a  number  of 

pets.  After  I  had  examined,  with  the  surgeon,  the  lady's  toe, 
the  elderly  gentleman  said  :  '  \\' ell,  Mr.  Hilton,  what  are  you 

going  to  do  to  cure  this  young  friend  of  mine.'''  I  said:  'I 
think  I  shall  put  a  splint  on  the  foot  and  keep  the  toe  quiet, 

attend  to  her  general  health,  and  Nature,  in  all  probability, 

will  do  the  rest.'  I  then  said  to  him  :  '  What  led  you  to 

adopt  the  occupation  of  a  philanthropic  surgeon  ? '  '  Well, 

Mr.  Hilton,' he  replied,  'I  will  tell  vou.  Some  years  ago  I 
caught  a  live  mouse  in  a  trap.  .  .  .  Then  I  thought  to  myself, 

"This  mouse  must  have  had  difliculties  in  the  treatment  of  its 

injuries  ;  and   "  interrupting  his  story,  lie  said, '  I  hope  vou 

won't  be  offended  at  what  I  am  going  to  say  .'' '  '  No.'  said  I, 

'not  in  the  least.'  '  AVell,' he  continued,  'I  said  to  myself, 
"  Sui'ely  this  mouse,  although  it  is  cured,  never  had  a  physician 
or  a  surijeon  !  "  I  afjree  with  you.  Mr.  Hilton,  that  Nature  is 

a  very  valuable  surgeon.'" 
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The  vivacious  passage  I  have  cited  makes  it  very  clear  tliat 

Hilton  considered  the  suro-eon's  first  dutv  was  to  wive  the 
injured  parts  rest.  It  was  by  means  of  rest  that  he  could  best 

help  nature.  The  therapeutic  value  of  rest  has  been  recog- 

nised by  surgeons  of  all  periods.  It  constituted  the  funda- 

mental principle  of  Hunter's  practice,  but  while  Hunter  gave 
it  a  place  at  the  end  of  a  paragra])h,  Hilton  made  it  the 

heading  for  a  new  chapter.  He  used  his  knowledge  of  the 

structure  and  function  of  the  body  as  a  means  to  discover  how- 

parts  could  be  rested.  He  began  by  applying  his  dissecting- 
room  investigations  to  the  treatment  of  inflamed  joints. 

"Why  is  an  inflamed  joint  fixed  and  flexed.?"  he  asks.  His 
answer  is  that  "  the  irritated  or  inflamed  condition  of  its 

interior  (say  the  knee-joint)  involves  all  the  ai'ticular  nerves, 
excites  a  corresponding  condition  of  irritation  in  the  same 

nerve  trunks  which  supply  its  extensor  and  flexor  muscles. 

The  flexors  by  reason  of  their  superior  strength  compel  the 

limb  to  obey  tliem,  and  so  force  the  joint  into  a  Jie.vcd  position. 

.  .  .  The  muscles,  indeed,  appear  to  be  told,  through  the 

medium  of  the  nerves  of  the  interior  of  the  joint,  that  its 

articular  structures  are  over-tasked  ;  the  antagonistic  muscular 
forces  of  the  joint  being  thus  i uvohnitnrihj  e.vcited,  the  joint 

is  at  once  rendered  rigid  and  stiff'  for  the  purpose  of  keeping 
it  at  rest.  .  .  .  The  flexors  act  unceasingly  day  and  night, 

apparently  without  rest,  and  especially  declare  their  mis- 
chievous assiduity  by  the  wakeful  slumbers  and  disturbed  sleep 

of  the  patient."  The  surgeon's  first  duty  was,  therefore,  to 
irive  the  exhausted  nniscles  rest  by  removine;  the  source  of 

their  disturbed  action — the  irritation  or  stimulus  which  arose 

within  the  diseased  joint  at  each  movement.  That  could  be 

done  in  only  one  way  ;  if  we  would  set  the  nuisdes  whidi  act 

on  the  knee-joint  at  rest,  then  we  nuist  prevent  the  articular 
nerves  of  the  joint  from  being  irritated  by  the  pressure  and 

friction  which  result  from  every  movement — particularly 

involuntary  movements.  There  was  only  one  way — rest. 
But  not  the  rest  given  by  a  general  instruction  to  patient, 

guardians,  or  nurse — as  Hunter  gave  it ;  not  rest  in  honurO' 

pathic  or  intermittent  doses,  but  a  long,  continuous  course. 
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The  methods  used  to  secure  such  rest  must  be  founded  on  a 

sure  anatomical  and  physiological  basis,  prescribed  with  pre- 
cision and  carried  out  meticulously  until  nature  had  effected 

a  cure.  The  application  of  splints  was  his  chief  means  of 

securing  physiological  rest  of  joints.  We  shall  have  occasion 

later  to  allude  to  the  designs  he  employed ;  his  service  to 

surgery  lies  not  in  the  forms  of  splints  he  recommended — })ut 
in  his  insistence  on  their  unremitted  application. 

In  passing  at  once  to  Hilton's  cliief  work — his  application 
of  the  principle  of  rest  to  the  treatment  of  diseased  and 

injured  joints,  I  have  failed  to  do  justice  to  the  solid  basis  of 

observation  on  which  he  based  his  practice.  He  had  noted,  as 

many  a  surgeon  had  done  before  him,  that  spasm  departed  from 

the  orbicularis  palpebrarum  when  the  irritant,  whatever  form 

it  might  assume,  was  removed  from  the  eye ;  that  the  removal 

of  a  fish-bone  from  the  throat  set  the  pharyngeal  muscles  at 
rest ;  and  that  the  extraction  of  a  calculus  relieved  spasmodic 

contractures  of  the  bladder.  The  surijeon's  first  duty  was  to 
discover  the  site  and  nature  of  the  irritant ;  to  obtain  rest, 
the  irritant  had  to  be  removed. 

He  construed  the  word  "  rest "  in  a  wide  sense.  You  will 
recall  the  case  of  a  "  man  who  had  received  a  blow  on  the 

chest  from  a  fsill  upon  the  part  ...  I  could  find  no  fracture  of 

the  ribs  ;  but  I  observed  that  the  patient  had  a  most  worrying 

wife.  I  suggested  to  the  physician  that  the  sole  cause  of  the 

pain  was,  in  all  probability,  produced  by  the  patient  constantly 

moving  the  injured  or  bruised  soft  parts  by  using  his  chest 

and  lungs  in  speaking.  All  I  recommended  was  that  he 

should  hold  his  tongue  and  have  his  chest  bandau;ed.  I  re- 

quested  that  his  wife  should  not  say  a  word  to  liim.  Fiom 

that  time  he  got  quickly  well  by  local  rest." 
The  instance  shows  us  tliat  he  used  the  word  "  irritant'"'  as 

well  as  "  rest  "  in  a  wide  sense.  He  considered  tliat  the  false 
membrane  which  forms  on  an  acutely  infiamed  nuicous  surfsxce, 

the  scab  which  spreads  over  an  open  wound,  the  exudates 

wliich  appear  on  the  surface  of  inHamed  serous  membranes, 

were  Nature's  means  of  protecting  these  parts  from  irritation, 
3,nd  thus  providing  them  with  rest.     It  was  to  give  rest  that 
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he  excised  painful  cicatrices  and  cut  the  nerves  which  supphcd 

the  painful  points  of  irritable  ulcers.  He  rested  the  heart  by 

confining  the  patient  to  bed,  and  elevated  the  extremities 

to  rest  their  vessels.  He  relie\ed  tension  to  give  rest — the 

tension  of  abscess,  of  stretched  nerves  and  muscles.  Occasion- 

ally he  resorted  to  tenotomy  to  give  a  spasmodic  muscle  rest. 

One  series  of  cases  which  he  treated  by  rest  for  the  relief 

of  tension  of  nerves  is  of  particular  interest  to  us.  They 

are  cases  which  Hilton  described  as  "  cervical  exostosis,"  l)ut 
which  we  now  know  are  due  to  the  pressure  of  the  lowest 

trunk  of  the  brachial  plexus  against  the  uppermost  ril) — 
usually  one  attached  to  the  seventh  cervical  vertebra.  Hilton 

treated  such  cases  by  rest — rest  in  the  recumbent  position, 
which  relieved  the  suspensory  muscles  of  the  shoidders  and 

lifted  the  nerve  trunk  from  the  point  at  which  they  pressed 

against  the  cervical  rib.  Whether  we  agree  with  Hilton  in 

all  his  interpretations  of  Nature's  intention  or  not,  \\e  must 
admit  that  he  sought  for  and  obtained  a  rational  basis  for  his 

means  of  treatment — one  founded  on  the  facts  of  anatomy, 

physiology,  and  pathology. 

In  his  scheme  of  therapeutics,  action  finds  no  part — neither 
active  movements  or  passive  movements  are  considered  suitable 

means  of  combating  disorders  of  joints  or  muscles.  "  No 
counter-irritation,  none  of  the  old  horse-doctorin<z:  style  of 

treatment,  no  setons,  issues,  or  painful  applications  of  any  kind," 
is  his  verdict  as  regards  ancient  and  widely  established  practices. 

Hilton  condemned  the  application  of  blisters,  counter- 
irritation,  and  stimulatino;  lotions  not  on  the  iiroiuid  that  his 

experience  had  shown  their  effect  to  l)e  bad,  but  because  they 

offended  against  his  first  princi[)le — rest.  Such  applications, 

he  believed,  prevented  a  disordered  part  from  having  rest — the 
condition  essential  for  recovery.  On  the  other  hand,  he 

favoured  the  application  of  sedatives;  when  applied  to  the 
point  or  source  of  irritation  they  gave  rest  not  oidy  to  the 

diseased  part  but  to  the  whole  system,  'i'he  instance  I  am  to 
cite  is  drawn,  not  from  his  practice  in  joint  disease,  but  from 

another  class  of  case — one  which  he  treated  with  great  success 

— namely,  disease  of  the  rectum.      He  applied  his  principle  of 
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rest  to  surgical  disorders  of  all  parts  of  the  body.  "  To  show 
the  relative  value  of  this  soothing  treatment,  as  compared 
with  that  of  local  irritants,  let  me  mention  another  case,  A 

gentleman  came  to  mi  on  the  17th  of  September  1861.  I 

well  recollect  the  day,  because  I  was  cold  and  shivering  from 

an  attack  of  ague  caught  in  Holland ;  I  was  angry,  ill- 
tempered,  and  felt  very  uncomfortable.  The  patient  was 

between  sixty  and  seventy  years  of  age.  He  told  me  he  had 

suffered  much  pain  in  his  I'ectum,  and  that  he  had  been  under 
the  conjoined  care  of  two  surgeons,  who  had  assured  him  that 

he  had  not  any  cancer,  but  they  could  see  and  feel  an  ulcer  in 

his  gut,  to  which  they  had  applied,  in  the  form  of  injections, 

solutions  of  nitrate  of  silver,  sulphate  of  zinc,  sulphate  of 

copper,  and  some  preparations  of  lead.  He  added,  '  I  must 
honestly  tell  you  that  although  I  have  taken  an  immense 

quantity  of  medicine,  I  am  a  great  deal  worse  than  when  I 

went  to  them.''  I  proposed  to  examine  his  rectum,  '  No,'  he 
said,  '  you  must  not  examine  me ;  I  won't  be  examined  any 

more.  I  have  suffered  so  much  already  from  that  speculum,"' 
I  said,  '  You  are  very  foolish ;  I  cannot  tell  with  certainty 

what  is  the  matter  till  I  have  examined  you.'  But  he  would 
not  permit  any  examination,  and  I  was  very  angry  with  him. 
I  advised  him  to  get  his  bowels  well  emptied  every  night,  just 
before  going  to  bed,  by  large  common  gruel  or  warm  water 

injections;  after  that  to  inject  twenty  drops  of  sedative  solu- 

tion of  opium  mixed  with  a  solution  of  starch.  I  finished  by 

saying,  '  Let  me  see  you  two  or  three  weeks  hence,'  '  What,' 

said  he,  '  no  pills  ? '  '  No,'  '  No  medicine  ?  '  '  No.'  '  Nothing 

at  all  ?  '  '  Yes,'  I  said,  '  do  not  neglect  your  diet ;  take  care 
tiiat  the  fseces  shall  be  soft  and  small,  and  not  hard  or 

massive.'     '  What,  nothing  but  that.^'     'No,  nothing.' 
"  He  and  his  son  then  \\  ent  away,  and  I  was  glad  when 

they  were  gone.  I  scarcely  expected  to  see  this  patient  again, 
hut  towards  the  end  of  October,  that  is,  in  about  six  weeks, 

he  called  again  to  inform  me  tliat  he  felt  (juite  comfortable 
ever  since  his  former  visit,  bv  onlv  doinu;  wliat  I  had  tokl  him. 

Now,  here  is  a  case  in  point.  This  man's  rectum  liad  been 
j)ainful  for  nearly  three  months ;  besides  the  almost  constant 
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use  of  figurative  niediciues,  two  or  three  times  a  week  he  was 

examined  by  a  speculum  and  had  injections  of  silver,  of  zinc  or 

copper,  and  all  that  sort  of  thing,  adding,  as  I  believe,  to  the 

local  irritation,  until  his  condition  was  hardly  endurable.  By 

the  simple  means  that  I  have  mentioned  he  was  at  once 

improved.  So  far  as  I  know  he  was  cured  by  the  method  of 

physiological  rest,  as  opposed  to  violence  or  physiological 

disturbance/' 
He  had  never  seen  long-continued  rest  produce  harm ; 

healthy  joints  which  had  been  confined  for  months  came  out 

undamaged  from  months  of  continuously  enforced  rest.  Yet 
there  is  one  of  his  observations  which  does  bear  on  the  utility 

of  movement  in  preventing  anchylosis.  He  remarks  on  the 

rarity  of  anchylosis  in  the  joints  between  ribs  and  the  spine. 

They  are  joints  at  which  movements  go  on  unceasingly 

throughout  life.  But  he  refused  to  associate  their  freedom 

from  disease  and  from  anchylosis  with  their  inability  to  assume 

a  position  of  continuous  rest. 

If  Hilton's  first  service  to  surgery  was  to  give  "  rest "  a 
foremost  place  in  the  means  of  treatment,  his  second  service 

was  to  give  "  pain  "  its  rightful  place  in  the  means  of  diagnosis. 
He  was  a  teleologist ;  he  regarded  the  human  body  as  a 

specially  designed  machine  provided  with  a  sense  of  pain  to 

serve  as  a  signal  of  disease.  "  I  conceive  that  pains  situated 
on  the  surface  of  the  body  and  associated  with  some  abnormal 
state  of  an  internal  viscus,  must  be  looked  on  as  a  beneficent 

provision,  enabling  us  by  external  pain  to  receive  the  informa- 
tion and  to  appreciate  slight  organic  changes  or  derangement 

of  function  of  the  internal  viscera."  That  statement  of 

Hilton's  was  particularly  directed  against  those  who  hide 
their  ignorance  by  tracing  all  obscure  pains  to  rheumatism 

and  gout.  In  his  opinion,  pain  was  provided  by  Nature  to 

guide  the  surgeon  to  the  seat  of  disease,  and  a  knowledge  of 
the  distribution  of  nerves,  and  the  manner  in  which  tlie  nerve 

system  acted,  was  the  means  by  wliich  the  surgeon  was  to 

obtain  a  correct  diagnosis.  The  surgeon-detective  "ran 

down  "  the  disease  by  following  up  the  clues  provided  by 
pain  and  tenderness. 
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Pain,  in  Hilton's  opinion,  was  the  signal  by  which  Nature 
made  known  her  demand  for  rest.  He  made  certain  observa- 

tions which  throw  some  light  on  the  production  of  pain.  In 

a  case  where  the  ulcerated  articular  surface  of  the  astragalus 

was  exposed,  he  made  his  pupils  note  that  when  he  merely 

touched  the  ulcerated  area  the  patient  felt  nothing,  but  when 

he  pressed  it  there  was  pain  ;  pressure  gave  pain  ;  rest  relieved 
it.  In  another  case,  one  of  necrosis  of  the  tibia,  he  showed 

how  pressure  on  the  artery  above  the  seat  of  disease  diminished 

pain,  while  pressure  on  the  veins  increased  it.  Pressure  within 

the  capillaries  caused  increase  of  pain. 

We  have  said  that  Hilton    often    construed  "  rest""  in  a 
wide  sense.     When    he   applied   a  truss  to  compress  chronic 

sinuses  of  the  groin  or  put  pressure  on  abscesses  of  the  foot, 

so  as  to  bring  their  opposite  walls  into  contact,  he  believed 

that  the  healing  which  followed  this  means  of  treatment  was 

because  he  had  given  the  parts  rest.     I  shall  cite  an  instructive 

instance  where  rest  was  given    by  removing  pressure  from  a 

nerve.     "'  Some   years  ago    a    sailor  came  to  Guy's  Hospital, 
having  had  a  bad    fracture  of  the  lower  part  of  the  radius. 

There  was  no  surgeon  on  board  the  ship ;  the  fracture  was  not 

properly  set,  and  in  consequence  the  callus  pressed  severely  on 
the  median  nerve  above  the  wrist.     The  man  had  ulceration 

of  the  skin  upon  the  thumb,  the  forefinger,  and  the  middle 

finger.     The  hand  was    purposely  flexed    and   put    in  such  a 

position  that  all  the  tension  was  taken  off  the  median  nerve, 

and  the  ulceration  got  perfectly  well ;  but  as  soon  as  his  hand 

was  allowed  to  be  freely  used  and  extended   again,  and  the 

pressure  of  the  callus  permitted  to  exert  its  influence  on  the 

median  nerve,  the  ulceration  reappeared  on   the  thumb,  fore- 
fin<rer,    and    middle    fin<;er.     This    is    a    ijood    illustratioji    of 

pressure  upon  a  nerve  producing  deterioration  of  structure." 
The  case  not  only  illustrates  the  trophic  influence  of  nerves, 

but  also  the  wide  sense  with  which  Hilton  used  the  term  "  rest." 
To  relieve  a  nerve  from  pressure  or  to  open  a  tense  abscess 

was,  in  his    opinion,  instances    of  the  application  of  physio- 
logical rest  as  a  means  of  treatment. 

1  should  give  a  very  imperfect  picture  of  the  foundation  of 
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Hilton's  methods  of  treatment  were  I  to  omit  his  inquiries 
into  pathological  conditions.  I  need  only  quote  two  cases  to 

show  that  he  sought  in  every  case,  before  commencing  treat- 
ment, to  realise  the  exact  nature  of  the  lesion  with  which  he 

had  to  deal.  He  never  allowed  an  opportunity  to  escape 
which  would  yield  him  information.  The  first  case  I  shall  cite 

is  that  of  "  a  young  gentleman,  eighteen  years  of  age,  living 
in  Islington.  On  a  Sunday  evening,  returning  from  chapel, 

wearing  a  very  narrow  high-heeled  boot,  walking  at  the  edge 
of  the  pavement,  his  left  foot  turned  inwards  with  a  sudden 

jerk,  and  he  exclaimed  to  his  sister,  who  was  with  him,  '  Oh,  I 
have  twisted  my  foot ;  I  never  had  such  a  dreadful  wrench 

before.'  I  saw  him  on  the  following  Sunday  with  Dr.  Billing- 
hurst,  and  I  then  came  to  the  conclusion  that  he  had  sustained 

some  injury  to  the  lower  epiphysis  of  the  tibia;  for  upon  close 

examination,  I  found  the  ankle-joint  free  from  mischief." 
Hilton  advised  rest.  Some  days  later,  when  he  was  visiting 

patients  in  the  City,  he  learned,  by  accident,  that  the  young 

man  was  dead.  He  set  out  for  Islington.  "  The  hearse  was 
at  the  door,  so  that  I  had  only  time  to  unscrew  the  coffin  and 

examine  the  leg.  ...  I  took  away  the  bit  of  tibia  ;  it  fairly 
rewarded  me  for  the  trouble.  There  was  a  laceration  between 

the  shaft  of  the  tibia  and  its  lower  epiphysis,  precisely  the  spot 

where  the  boy  had  the  first  sense  of  pain  on  the  Sunday  morn- 

ing.'"' Hilton  thus  provides  us  with  an  everlasting  example  of 
the  manner  in  which  surgery  is  made  into  a  rational  art. 

The  second  case  I  am  to  cite  is  e(|ually  instructive.  "A 
man  going  across  Blackheath,  rather  the  worse  for  licpior,  fell 

down,  or  jumped,  six  or  eight  feet  into  a  gravel  [)it,  and, 

alighting  on  his  feet,  his  leg  was  very  severely  broken.  I 

amputated  the  leg  below  the  knee.  On  examining  the  ankle- 
joint,  which  had  apparently  not  been  injured,  I  found  the 

articular  cartilage  upon  the  astragalus  actually  depi'essed  at 
one  part,  and  at  another  I  saw  within  it  a  large  black  deep 

patch."  This  patch  Hilton  cut  out,  and  brought  to  my  pre- 
decessor at  this  College — Mr.  Quekett — who  cut  microscopical 

sections  of  it,  and  found  that  it  was  due  to  an  extravasation  of 

blood  beneath  the  articular  cartilage.     In  this  instance  Hilton 
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provided  us  with  a  kind  of  observation  of  which  we  still  stand 

much  in  need — the  lesions  of  joints  which  we  classify  under 

the  generic  term  of  "  sprain." 
In  the  Museum  of  the  Royal  College  of  Surgeons  there  is  a 

specimen  which  illustrates  the  pains  taken  by  Hilton  to  clear 

up  obscure  conditions  which  had  puzzled  him  while  the  patient 

was  still  alive.  The  specimen  is  the  upper  part  of  a  spinal 

column  laid  open  to  show  a  healed  fracture  in  the  lower  part 
of  the  neck.  It  is  clear  that  the  fifth  cervical  and  all  the 

vertebrae  above  it  had  slipped  forwards,  leaving  the  body  of 

the  sixth  projecting  into  the  spinal  canal  and  pressing  against 
the  spinal  cord.  The  vertebne  at  the  site  of  fracture  have 

become  ossified  together,  the  projecting  angularities  have  been 

rounded  off,  and  the  repair  affords  an  excellent  example  of 

Nature's  reparative  handiwork.  The  early  history  of  this  case 
we  owe  to  Mr.  VVhitmore  of  Coggeshall,  a  parish  in  Essex  at 
no  great  distance  from  the  one  in  which  Hilton  was  born 

and  bred.  "It  was  in  May  1836,"  writes  Mr.  Whitmore, 

"  that  I  was  called  up,  on  a  Sunday  morning  between  four  and 

five  o''clock,  to  John  Carter,  aged  21,  who  had  fallen  from  a 
tree,  when  in  pursuit  of  young  rooks.  ̂ Vhen  I  saw  him  he 

was  perfectly  insensible  and  motionless  ;  cold  and  breathing 

imperfectly ;  with  a  pulse  weak  in  the  extreme  .  .  .  there  was 

a  perfect  absence  of  muscular  power  and  of  sensibility  of  the 

skin  throughout  the  body,  except  in  the  head  and  upper  part 

of  the  body.  The  bladder  was  paralysed  and  the  catheter 

required.  There  was  no  appearance  externally  to  indicate  the 

precise  situation  of  the  injury."  John  Carter  lived  for  fourteen 
years  after  that  Sunday  morning  he  went  in  pursuit  of  rooks, 

and  might  have  lived  much  longer  had  not  the  boy  who 

"dragged  him  about  in  a  little  four-wheeled  cart  upset  him 
so  that  he  fell  with  great  violence  upon  the  ground,  as  he 

could  not  put  out  his  hands  to  save  himself."  This  fall  set 

up  "a  chest  affection  from  which  he  died  in  a  few  days." 
During  these  fourteen  years  John  Carter  "  used  to  amuse  him- 

self or  earn  liis  living  by  making  copies  of  engravings  with  a 

paint  brush  held  in  his  mouth."  We  have  specimens  of 

Carter's  artistic  ability  in  the  College  Museum, 
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In  the  later  years  of  Jolin  Carter's  life,  Hilton  made 
several  journeys  to  Coggeshall  to  examine  his  remarkable  case. 

He  found  "  perfect  loss  of  sensation  in  the  lower  and  upper 
extremities,  except  indistinct  sensibility  on  the  left  side  as 

far  as  the  elbow.  Muscles  of  the  left  shoulder  more  developed 

than  on  the  right.  Feels  distinctly  on  the  left  shoulder  and 

indistinctly  on  the  right.  The  left  forearm  is  now  Hexed ; 

the  thumb  is  turned  into  the  palm  of  the  hand  and  the  fingers 

are  bent  over  it.  Ri«;ht  arm  nearly  straii>ht ;  the  little  and 

fourth  fingers  flexed  ;  the  hands  remained  open  until  about 
six  months  after  the  accident,  when  contraction  connnenced. 

No  contraction  in  the  feet  except  that  the  right  foot  is  a 

little  flexed.  Legs  jump  a  little  during  defsecation  and 

sometimes  suddenly  without  obvious  cause.  Arms  jump, 

especially  the  right,  during  micturition.  Bowels  not  opened 
without  medicine  (senna).  On  some  days  has  peculiar  feelings 

of  chilliness,  becomes  pale,  and  then  feels  hot  and  flushed 

during  defaecation  and  micturition.  The  more  constipated, 

the  more  these  peculiar  sensations  are  experienced.  Urine 

very  offensive  when  he  has  caught  cold  ;  at  other  times  not  so 
offensive,  but  always  a  little  so.  Urine  acid.  Feels  a  distinct 

pain  in  the  bowels  occasionally  and  now  and  then  an  aching 

pain  in  the  loins.  When  sick,  vomits  with  great  difficulty. 

Erections  of  penis  are  frecjuent  and  last  a  (juarter  of  an  hour, 

with  a  slight  escape  of  seminal  fluid  occasionally.  Spine: 
nothinff  abnormal  to  be  felt.  No  costal  movements  during 

respiration ;  no  hiccough.  One  good  meal  of  meat  daily."" 
Having  made  this  gra[)iiic  record  of  symptoms  we  have  just 

given  in  detail,  Hilton,  after  duly  impressing  the  surgeon  of 

Coggeshall  witii  a  proper  sense  of  the  importance  of  the  case, 

returned  to  his  consulting  practice  in  London,  hoping  some  day 
to  learn  the  exact  nature  of  the  accident  which  had  befallen 

John  Carter  and  the  exact  manner  in  which  its  repair  had 

been  effected.  He  almost  missed  having  Ids  wish  gratified, 

for  when  the  patient  died  his  friends  refused  to  allow  his 

surtieon  at  Cofi-y-eshall  to  examine  the  body,  "and  only  upon 

a  very  special  a]jplication,  just  before  the  removal  of  the  body 

from  the  house  for  the  purpose  of  inunediate  interment,  w.is 
3 
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he  permitted  to  take  out  the  portion  of  the  spine."  That 
portion  of  the  spine  stands  now  on  the  shelves  of  our  College 

Museum — a  silent  witness  of  John  Hilton's  love  of  his  pro- 
fession and  of  the  indefatigable  zeal  with  which  he  laboured  to 

improve  that  branch  of  knowledge  to  which  he  devoted  his  life. 
Hilton  was  a  man  who,  if  his  field  of  vision  was  somewhat 

limited,  yet  saw  everything  which  fell  within  that  field  with  a 

keen  and  clear  eye.  No  man  has  realised  more  clearly  than 

he  that  the  surgeon''s  art  must  be  based  on  a  knowledge  of  the 
structure  and  workinff  of  the  human  body  and  of  the  manner 

in  which  repair  is  effected  in  diseased  or  injured  tissues.  Of 

all  the  means  which  surgeons  could  command  to  assist  the 

tissues  to  overcome  disease  and  effect  repair,  he  believed  rest 

to  be  the  most  valuable.  He  employed  his  knowledge  of 

anatomy  and  physiology  to  provide  liim  with  the  means  of 

giving  rest.  For  him  a  splint  was  an  instrument  for  securing 

rest  for  diseased  joints  and  injured  limbs.  Hilton's  long  hip 
splint  is  well  known.  Massage,  exercise,  active  or  passive,  had 

no  place  in  his  system  of  therapeutics.  It  is  true  that  in  cases 

of  infcintile  paralysis  he  ordered  "  the  whole  limb  to  be  rubbed 
night  and  morning  with  sperm  oil  and  kept  warm  night  and 

day  by  surrounding  it  with  cotton  wool  or  ffannel."  Such 
cases,  in  his  opinion,  were  exceptional  and  required  exceptional 
treatment.  It  must  not  be  supposed  that  Hilton  was  the  first 

to  formulate  the  principles  of  physiological  rest  as  a  svstem  of 

surgical  therapeutics.  In  a  future  chapter  we  shall  find  that 

long  before  John  Hilton  was  born,  M.  David  of  Kouen  had  con- 
sidered the  place  which  the  surgeon  must  give  to  rest  in  the 

treatment  of  surgical  conditions.  M.  David,  however,  gave 

action  or  movement  an  equally  important  place  ;  there  were 

surgical  conditions  in  which  he  regarded  rest  as  injurious  and 

action  or  movement  highly  beneficial.  In  the  light  of  another 

century  of  experience  the  niajority  of  modern  surgeons  have 

come  to  accept  the  teaching  of  David  rather  than  of  Hilton. 

That  is  the  verdict  which  a  succeeding  generation  has  j)assed 

on  Hilton's  teaching.  Hut  never  again  shall  anyone  preach 
the  gospel  of  rest  so  freshly,  so  practically,  or  so  persuasively 
as  Joiui  Hilton. 



Hugh  Owen  Thomas, 

From  fi  sketch  made  about  1884  when  he  was  in  his  fiftieth  year, 

on  6ih  January  1891  in  his  fifty-seventh  year. 

He  died 

CHAPTER    III 

THE    IMUNCIPLES    AND    PRACTICE   OF 
HUGH    OWEN   THOMAS 

Hugh  Owen  Thomas  was  born  when  iiis  niotlier  was  on  a  visit  to  her 

parents  at  Bodedern,  Anglesey,  23rd  August  1834.  Her  husband,  Evan 
Thomas,  was  also  a  native  of  Anglesey,  where  his  forefathers  for  niany 

generations  had  practised  as  bone-setters.  At  the  time  of  Hugh's  birth  his 
father  had  established  his  home  in  Liverpool,  where  his  fame  as  a  bone-setter 
had  already  spread  beyond  the  confines  of  the  city.  Hugh  was  a  delicate 
child,  and,  on  account  of  his  health,  was  brought  up  in  the  country,  attending 

school  first  in  Anglesey,  then  in  St.  Asaph,  and  afterwards,  when  he  lived  at 

home,  Dr.  Poggi's  school,  in  New  Brighton.  His  professional  career  may 
be  divided  into  the  three  following  stages  : 

35 
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(i)  Apprenticeship  and  Studentship — from  1851,  when  he  went  at 
tlie  age  of  17  as  apprentice  to  his  uncle,  Dr.  Owen  Roberts  of 

St.  Asaph,  until  1858,  when  he  "  returned  from  a  short  period  of 

study  "  in  Paris  to  commence  the  practice  of  Medicine  in  Liverpool 
at  the  age  of  24.  Of  these  seven  j^ears,  four  were  spent  witii 
his  uncle,  two  at  Ihe  University  of  Edinburgh,  and  one  at 
University  College,  London,  and  in  Paris. 

(2)  A  period  of  Practice  and  Observation  extending  from  i8^8,'  when 
he  joined  his  father  in  Liverpool,  until  1875,  when,  at  the  instiga- 

tion of  Professor  Rushton  Parker,  he  commenced  to  publish  his 

observations.  The  partnership  with  his  father — a  skilful,  but 

moody  man — at  72  Great  Crosshall  Street — lasted  scarcely  a 
year  ;.  in  1859  H.  O.  Thomas  made  his  home  at  32  Hardy  Street  ; 

in  1870  moving  to  a  house  close  by  — No.  11  Nelson  Street,  his 
home  until  his  death.  In  an  adjacent  house  he  established  his 

hospital  and  set  up  his  workshops.  Thus  his  life  was  spent  in 
the  most  central  and  busiest  quarter  of  Liverpool.  In  1864,  at  the 

age  of  30,  he  made  a  happy  marriage,  but  had  no  children. 

(3)  A  period  of  Practice  AND  Publication— extending  from  1875,  when 
he  was  41,  until  6th  January  1891,  when  he  died  early  in  his 

fifty-seventh  year.  A  list  of  his  chief  publications  is  appended, 
compiled  according  to  the  date  at  which  they  were  issued.  In 

publication,  as  in  every  affair  of  his  busy  life,  he  set  convention 
aside  and  followed  his  own  judgment  or  fancy.  He  employed  his 

own  printer  and,  at  first,  acted  as  his  own  publisher.  The  high- 
wheeled  phaeton,  in  which  he  drove  a  pair  of  black  horses,  was  of 
his  own  design  ;  so  was  tlie  nautical  peaked  cap  he  wore  to  shade 
his  eyes  ;  so  were  the  medical  theories  he  evolved  and  the  surgical 

appliances  he  invented.  He  was  a  thin,  dark,  fragile-looking 
man,  well  under  medium  height — 5  feet  3  inches  or  5  feet  4  inches 
— but  of  indomitable  spirit  and  of  unbounded  power  of  application. 
His  profession  was  his  hobby,  and  in  his  hobby  he  included  the  art 
of  healing  in  its  widest  scope. 

IT  was  the  custom  of  John  Hunter  to  prescribe  "  Rest "  as  a 
routine  measure  in  the  treatment  of  disablements  of  the 

motor  system  of  the  liuman  body.  After  him  came  John 

Hilton,  who  re<rarded  rest  as  the  most  powerful  aid  wiiich 

the  .surgeon  could  bi'ing  to  the  aid  of  disordered  tissues. 
Hilton  elaborated  the  means  of  securing  rest  into  a  system  ; 

but  the  man  whose  principles  and  practice  we  are  to  describe 
here  made  rest  his  creed  and  ritual.  Hui;h  Owen  Thonias 

believed  that  an  overdose  of  rest  was  impossible.     To  use  the 

'  In  this  year  the   Medical  Register  for  British  Practitioners  was  estab- 
lished by  Act  of  Parliament. 
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expression  wliicli  he  never  tired  of  repeating — Rest  must  he 

"  enforced,  uninterrupted,  and  prolonged."  I  had  selected  the 
names  of  these  three  men  in  the  above  order  because  they 

appeared  in  British  surgerv  at  successive  pei'iods :  Hunter, 
17!^8-179i3;  Hilton,  1807-1878;  Hugh  Owen  Thomas,  1834- 

1891  ;  with  each  successive  man  and  period  i-est  became 
more  urgentlv  advocated,  as  the  best  means  of  assisting  the 

natural  powers  of  repair  to  overcome  the  violence  done  by 
disease  or  injurv.  It  was  onlv  when  I  came  to  arrange  the 

matter  of  this  chapter  that  I  saw  that  our  chosen  advocates  of 

rest  had  been  drawn  into  the  service  of  surgery  from  three 

diverse  racial  elements  of  our  British  population.  Himter  was 

a  Lowland  west-countrv  Scot,  but  if  his  physical  appearances 
do  not  belie  him,  he  had  more  than  a  mere  strain  of  Highland 

breeding  in  him.  Hilton  was  a  sturdy  Saxon,  strong,  over- 

bearing, made  to  rough-shoulder  his  way  through  the  world. 
H.  O.  Thomas  was  a  pure  product  of  North  Wales.  He  was 

born  in  Anglesey  of  a  long  ancestral  line  which  had  handed  o)i 

the  art  of  bone-setting  from  father  to  son.  He  spent  his  early 

boyhood  in  Nortii  W^ales,  and  in  1851,  at  the  age  of  17,  he 
was  apprenticed  to  his  uncle,  l)i".  Owen  Roberts  of  St.  Asa{)h. 
He  had  the  imaginative  temperament,  so  common  amongst 

his  countrymen,  and  masked  a  nervous  and  retiring  disposition 

by  a  somewhat  bruscjue  manner.^ 
Men  could  not  have  approached  a  common  objective  by 

more  diverse  routes  than  did  Hunter  and  Hilton  on  the  one 

hand,  and  II.  O.  Thomas  on  the  other.  There  was  no  pro- 

longed and  laborious  apprenticeship  in  the  dissecting  and  post- 

moitem  rooms  for  him,  no  appointment  to  the  staH'  of  a  great 
teaching  hospital,  with  the  commanding  position,  afHuencc,  and 

social  status  which  such  appointments  can  and  do  bring  to 

ambitious  men.      Thomas,  we  shall  find,  is  a  plain  man,  guard- 

^  I  take  tills  opportunity  of  tliaiikiny  I'rofcssor  Riishton  I'arkcr,  Sir 
Robert  Jones,  Sir  Vincent  Evans,  Sir  J.  Lynn  Thomas,  and  Dr.  Dawson 

Williams  for  their  liberality  in  supplying-  mc  with  information  relatiny^  to 
Mr.  Thomas's  earlier  life.  For  an  appreciation  of  H.  O.  Thomas  as  an 
orthop.-Eclic  surgeon,  see  articles  by  Dr.  VV.  Colin  Ma^cKan/Ae,  B ritish  Medical 
Journal,  1917,  i.  p.  66g,  and  by  Sir  J.  Lynn  Thomas,  K.H.E.,C.R.,  F.R.C.S., 
British  Medical  Journal,  15th  July  1916. 
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ing  jealously  his  simple  manners  and  homely  Liverpool  life, 

with  more  than  a  shade  of  contempt  in  his  speech  and  deport- 
ment towards  the  men  who  sought  to  borrow  authority 

from  their  official  status  and  worldly  position.  Hunter  and 

Hilton  worked  long  and  hard  in  the  dissecting  and  post-mortem 
rooms  in  search  of  facts  to  guide  them  in  formulating  rational 

means  of  treatment ;  they  observed  the  efficacy  of  their  methods 

in  regulated  hospital  wards  and  on  closely  tended  private 

patients.  The  circumstances  amidst  which  Thomas  matured 

his  experience  were  very  different ;  his  field  of  observation  was 

the  steady  stream  of  accident  cases  which  poured  into  his 

surgery  from  the  dock-land  of  Liverpool.  His  field  of  experi- 

ment lay  in  his  upper-workroom  where,  in  workman's  attire, 
and  with  the  hand  of  an  expert,  he  wrought  the  exact  form  of 

splint  or  machine  which  he  desired  for  the  treatment  of  each 

particular  case  which  came  under  his  care.  Here,  then,  is  a 

surgeon  of  a  new  kind,  one  who  could  and  did  use  his  knife, 

but  it  was  his  final  and  fixed  opinion,  founded  on  thirty-three 
years  crowded  with  experiments  on  orthopaHlic  cases,  that  the 

blacksmith's  hanmier,  deftly  used,  was,  in  most  cases,  a  more 

powerful  reparative  instrument  than  the  surgeon's  knife. 
Hunter  and  Hilton  never  ceased  t^atherina;  observations  on 

the  condition  of  parts  as  revealed  in  the  dissecting  room  and 

post-mortem  room  ;  they  kept  adding  to  their  own  stock  and 

to  the  world's  stock  of  knowledge.  IJut  you  will  search  the 
many  wvitings  of  Hugh  Owen  Thomas  and  fail  to  find  a  single 

observation  made  by  him  on  the  state  of  parts  seen  at 

operation  or  after  death ;  not  a  glimpse  of  the  disordered 

state  which  it  is  the  surgeon's  task  to  bring  back  to  a  healtiiy 
condition.  It  is  true  that  Thomas  never  did  study  those 

conditions  in  the  post-mortem  room,  dissecting  room,  or  ex- 
perimental laboratory,  but  there  never  was  a  man  who  studied 

more  persistently  and  observed  more  closely  the  manifestations 

of  disease  and  injury  as  seen  in  the  living  state.  For  him 

surgery  was  an  experimental  science;  each  case  was  an  experi- 
ment to  be  studied,  diagnosed,  explained,  treated,  and  the 

results  of  sudi  treatment  to  be  carefulh  recorded.  "There  is 

an  opinion  prevalent,"  he  noted,  "  that  only  gentlemen  on  the 
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staff  of  our  public  charities  can  treat,  with  any  chance  of 

success,  disease  of  the  hip-joint,  and  certainly  hitherto  they 

have  had  advantages  not  possessed  bv  the  general  practitioner." 
But  he  was  also  aware,  as  Sir  James  Mackenzie  has  persistently 

pointed  out,  that  the  general  practitioner  has  opportunities 

from  which  the  staff-surgeon  is  debarred  ;  he  sees  a  case  in  its 
initial  stage,  he  takes  it  under  his  personal  supervision,  and 

can  follow  its  progress  to  the  end.  Tliomas,  too,  lived  in  the 

midst  of  one  of  the  world's  biggest  industrial  battlefields ;  the 
limits  of  his  practice  lay  along  the  shores  of  the  seven  seas,  for 

seldom  a  week  passed  without  bringing  him  some  derelict  case 

of  accident.  It  was  Hujxh  Owen  Thomas's  Ljreat  merit  to  have 
proved  that  a  busy  general  practitioner  can,  by  purely  clinical 

methods,  win  for  himself  a  permanent  place  among  the  bene- 
factors of  Medicine. 

Having  thus  broadly  defined  Thomas's  place  amongst 
siu'geons,  it  is  now  necessary  for  us  to  trace  him  through  the 

earlier  years  of  his  professional  life,  and  watch  the  develop- 
ment of  his  principles  and  practice.  He  was  born  and  bred  an 

ortlio{);edic  surgeon.  His  father,  Evan  Thomas,  iiad  his  iiome 

and  surgery,  so  Professor  Kushton  Parker  has  informed  me,  in 

72  Great  Crosshall  Street,^  Liverpool,  where,  alhhough  un- 

qualified, he  was  the  referee  of  certain  workmen's  clubs — dock 

gatesmen,  ships'  carpenters,  boilermakers,  and  several  others — 
the  members  having  unbounded  faith  in  his  treatment  of 

injuries  of  all  kinds.  He  had  five  sons,  all  of  whom  became 

qualified  surgeons ;  Hugh  Owen  was  the  eldest.-  As  the  boys 
grew  up  they  had  to  help  in  the  surgery  in  Great  Crosshall 

Street,  and  could  not  fail  to  gain  a  first-hand  knowledge  of 
injury  and  disease.  Indeed,  it  was  proposed  at  one  time  that 

Hugh  should  become  his  father's  apprentice,  but  the  ill  state 

of"  his  health — he  never  at  any  period  ol"  liis  life  was  robust — 
led  to    a    change    of    phm,  and  in   1851,    at    the  age    of  17, 

'  Later,  he  liad  his  liome  at  Seacombe  on  the  south  Ijaiik  of  the  Mersey, 
but  retained  his  surgery  in  the  small  house  in  Great  Crosshall  Street. 

-  Mr.  Evan  Thomas  still  lives  and  practises  in  his  father's  old  home,  72 
Great  Cro'^shall  Street.  He  was  born  in  1838— four  years  after  his  celebrated 

brother  Hugh. — RcSHTON  Parkkk. 
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he  was  apprenticed  to  his  niatcrnal  uncle,  Dr.  Owen  Roberts 

of  St,  Asaph,  25  miles  from  Liverpool  as  the  crow  flies. 

His  apprenticeship  lasted  for  four  years.  In  1855,  at  the 

age  of  21,  he  went  to  Edinburgh  to  study  Medicine.  Syme 

and  Spence  and  Simpson  were  in  the  heyday  of  their  fame ; 

Goodsir  was  teaching  anatomy,  there  was  then  a  demonstrator 

of  anatomy  newly  arrived  from  London — William  Turner. 
Lister  was  also  there  commencing  the  Edinburgh  phase  of  his 

great  career.  But  in  Thomas''s  writin<£s  there  is  never  an 
allusion  to  his  life  in  Edinburgh  ;  only  one  man  seems  to  have 

impressed  him,  Hughes  Bennett.  He  apparently  spent  two 

winter  sessions  in  Edinburgh  ;  in  1857,  his  third  session,  he 

attended  classes  at  University  College,  London  ;  of  his  life  and 

experience  in  London  he  never  gives  us  the  slightest  hint  in  his 

writings.  In  1857,  in  his  twenty-third  year,  he  became  a  member 
of  the  Royal  College  of  Surgeons  of  England,  and  then  proceeded 

to  watch  the  practice  of  French  surgeons  in  the  hospitals  of 

Paris.  In  the  spring  of  1858,  the  year  which  saw  the  Medical 

Register  established  in  Great  Britain  and  Ireland,  he  returned 

to  Liverpool  to  help  his  father  in  the  Great  Crosshall  Street 

surgery.  Of  what  he  saw  and  learned  in  that  surgery  during 

his  boyhood,  in  the  vacation  periods  of  his  apprenticeship  and 

student  days,  and  now  during  the  short  year  he  was  to  spend 

in  his  father''s  practice  as  a  qualified  practitioner — for  before 
twelve  months  were  finished,  father  and  son  separated — he 
gives  us  several  interesting  and  instructive  glim])ses: 

"  Many  cases  have  I  observed  enter  the  consultant's  surgery, 
lame  and  in  pain,  wlio  after  being  well  fitted  witli  a  laver  of 
stiff  adhesive  plaster,  over  and  around  the  aflected  articulation, 
left  the  surgery  less  lame,  and  in  less  pain;  sometimes  even 
without  pain.  This  is  the  history  of  some;  others  indeed 

had  a  different  termination.'''' — Rcvieic  of  Pitst  uinJ  Pnsoit Treatnuiit,  1878, 

"For  many  years  I  was  a  witness  of  ilie  treatment  of  joint 
disease  by  methods  sometimes  purely  expectant,  at  other  times 
consisting  of  a  fractional  fixation,  and  the  results  in  some 
instances  were  certainly  so  strikin<i;  as  to  excite  mv  envv. 
But  these  very  cases  I  now  know  would  have  recovered,  some 
with  no  attention  and  others  with  but   imperfect  rest.     For 
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one  result  which  excited  my  ad  miration  ten  foiled.  What  is 

wanted  is  a  method  which  will  benefit  all  cases." — litvirzc  of 
Pad  (Did  Present  Tnatnicnt,  1878. 

"I  watched  for  many  years  the  extensive  practice  of  an 
untrained  gentleman  and,  to  do  him  justice,  record  here  that 
he  never  failed  to  secure  a  perfect  restoration  of  these  fractures 
(of  lower  end  of  radius),  and  if  I  were  to  say  that  I  ol)served 

his  treatment  of  .'200  cases,  I  should  be  vastly  underestimating- 
their  number;  yet  his  treatment,  guileless  of  anatomy,  was 

onlv  thorough  reduction  and  reasonably  applied  counter- 
pressure.  .  .  .  He  was  etjuallv  successful  in  his  management 
of  fractures  of  tlie  lower  end  of  the  tibia  up  to  the  period  of 
use,  when,  from  his  not  taking  precaution  to  centralise  the 
weight  of  the  body  on  the  foot,  several  of  his  cases  would 

lapse  into  deformitv." — CoNfribufions  to  Surgenj  and  Mcd/cine, 

1887,  Part  HI.        " 

These  extracts  show  us  that  when  he  left  his  ffxther  and 

set  up  for  himself  in  32  Hardy  Street  in  1859  he  had  already 

acquired  an  extensive  and  very  practical  knowledge  of  a 

difficult  class  of  surgical  cases — a  knowledge  which  was  being 

checked  and  critici^ed  under  the  light  of  the  medical  experi- 
ence gained  in  Ediid)urgh,  London,  and  Paris.  It  is  but  a 

short  distance  from  Great  Ciosshall  Street  to  Hardy  Street, 

and  most  of  the  club  appointments,  worth  about  dt^SOO  per 
annum,  which  had  been  held  by  his  father,  followed  him  to 

his  new  home.  He  had  no  waiting  period  ;  he  started  away 

with  an  assured  practice.  We  have  to  watch  him  connnence 

his  life's  work  there  if  we  are  to  understand  what  he  succeeded 

in  accomplishing  in  the  thirty-two  busy  years  which  are  to 

follow.  He  is  up  early  in  the  morning — at  5.50;  before 
breakfast  at  eijibt  he  has  alreadv  made  a  round  among  his 

patients;  he  is  in  his  surgery  from  nine  to  one;  he  has  an 

afternoon  round,  an  evening  sj)ell  in  his  surgery,  and  again 

another  late  round  of  \isits.  He  follows  the  progress  of  his 

cases  very  closely  ;  they  are  his  hobbv.  He  already  has  a 

theory  or  principle  which  \iv,  is  ap[)lying  with  all  the  might 

and  ingenuity  of  which  he  is  capable.  He  rarely  mentioned 

Hunter  in  his  writings,  but  the  principle  he  is  to  apply — even 

the    language   in    which    he   couches    that   principle — is   truly 
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Hunterian.     The   followino;   extract    is    his  statement   of  the 

principle  which  guided  him  : 

"  If  any  person,  with  a  part  diseased,  possesses  sufficient 
vitality  so  that  there  be  a  tendency  to  reparation  in  the 
diseased  locality,  then  Nature  always  has  a  mode  of  operation, 
and  in  very  many  instances  the  natural  method  of  restoration 
has  become  known  to  us.  Indeed  the  practice  of  medicine 
and  surgery  mainly  consists  of  either  aiding  or  controlling  or 

supplementing  this  natural  effort  to  resolution." — Contributions 
to  Stirgertj  and  Medicine^  1883,  Part  II.  p.  7. 

It  is  clear  then,  when  Thomas  set  out  from  32  Hardy 

Street  to  sail  the  sea  of  practice,  he  already  realised  that  he 

could  not  cause  the  tides  or  raise  the  winds  that  brought 

derelict  human  ships  to  the  harbour  of  resolution ;  he  realised 

that  the  utmost  he  could  do  was  to  steer  in  such  a  way  that 
the  best  use  was  made  of  such  tides  and  winds  as  came 

along.  Even  at  the  end  of  thirty-two  years  of  incessajit 
observation,  as  the  following  extract  will  show,  he  was  often 

in  doubt  as  to  how  far  a  haj)py  issue  was  owing  to  his  seaman- 
ship, or  how  far  it  depended  on  the  fortune  of  the  elements : 

"  As  in  Medicine,  so  in  Surgery,  even  a  discerning  practi- 
tioner often  finds  it  difficult  to  satisfy  himself  whetlicr  the 

patient  got  well  with  his  assistance  or  despite  his  interference" 
(1890). 

In  Hardy  Street  he  lived  for  eleven  years  ;  there  he  married 

and  prospered  in  spite  of  ill-health,  overwork,  and  overstudy, 

and  in  1870,  at  the  age  of  34,  moved  to  a  house  close  by — 

11  Nelson  Street — which  his  nephew,  Sir  Robert  Jones,  still 

occupies.  There  lie  held  his  Sunday  clinics.  "  AVhen  the  bells 
were  tolling  for  church,  the  surjicrv  at  Nelson  Street  was 

filling  with  a  coni<;rei>ation  of  suff'erinii-  folk."  Thus  he  lived 
from  his  twenty-fourth  to  his  fortieth  year,  from  1858  until 

1874,  his  fiime  during  that  period  being  still  confined  to  dock- 
land. In  1874  an  event  occurred  which  led  to  his  labours 

becoming  better  known.  Mr.  Parker,  a  police  surgeon,  had 

reason  to  visit  Mr.  Thomas,  who  at  that  time  had  his  surgery 

and  hospital  in  Nelson  Street,  in  connection  with  a  case — that 
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of  an  inspector  of  police — who  was  then  under  INIr.  Thomas's 
care,  on  account  of  a  compound  fracture  of  the  leg.  Mr, 

Parker  had  taken  with  him  his  son,  Rushton,  a  young  surgeon 

of  28,  with  an  assured  future  in  the  Liverpool  School  of 
Medicine.  We  can  learn  the  effect  of  that  visit  from  the 

preface  which  Thomas  wrote  for  his  first  important  publication 

on  Diseases  of  the  Hip,  Knee,  and  Ankle  Joints,  xcith  their  De- 

formities:  Treated  by  a  Nexv  and  Effieient  Method.  "I  saw  at 

once,"  writes  Professor  Rushton  Parker,  "  that  here  was  a 
master,  and  the  acquaintance  ripened  quickly  into  friendship, 

I  insisting  on  his  publishing  innnediately  an  account  of  his 

hip  and  knee  splints,  because,  I  said,  '  these  are  things  I  must 
use,  teach,  and  publish ;  and  there  are  men  in  this  town  who 

will  palm  them  off  as  their  own  if  they  get  to  use  them 

intelligently.'' " 
That  was  Thomas's  first  important  publication,  but  not 

actually  the  first.  In  1867  he  had  published  a  short  paper  in 

the  Laneet  on  the  treatment  of  un-united  fractures,  and  in 

1873  described  a  method  of  using  silver  ligatures  for  the 

treatment  of  compound  fractures  of  the  mandible.  The 

ligatures  were  fixed  by  a  terminal  spiral  which  could  be  con- 
veniently tightened  as  the  mandibular  fragments  yielded  and 

came  together.  He  also  advocated  then,  the  practice  adopted 

in  the  present  war,  of  removing  any  tooth  situated  on  the  line 

of  fracture,  as  its  presence  was  always  a  cause  of  retarded 

union.  Once  started  as  a  writer,  he  continued  to  issue  Con- 

tributions to  Sur<^-erij  and  Medicine  almost  annually,  until 
death  brought  an  end  to  a  career  handicapped  bv  indifferent 
health  and  overtaxed  with  work.  He  died  in  1891  at  the  aije 

of  57.  Even  in  the  manner  of  [)ublicati()ii  he  emphasised  his 

individuality.  His  writings  were  issued  in  j)amphlet  form, 

designed,  one  would  almost  think,  for  a  temporary  and  private 

circulation  ;  but  time  will  show  that  they  have  a  permanent 

value  for  thoughtful  medical  men.  It  was  his  luibit  to  reprint, 

at  the  end  of  each  contribution,  the  press  notices  and  strictures 

wliich  had  greeted  its  first  appearance.  On  very  few  occasions 

did  the  critics  recognise  their  merits  or  extend  a  welcome  to 

them.     It  is  because  of  the  means  he  adopted  for  publication 
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that  his  numerous  writings  are  so  little  known.  It  is  very 

difficult  now  to  obtain  a  complete  set  of  Hugh  Owen  Thomas's 
Works.  1 

He  based  his  methods  of  treatment  on  the  axiomatic  belief 

which  had  served  to  guide  Hunter  and  Hilton:  viz.  that 

the  power  of  repair  is  an  inherent  property  of  living  tissues. 

"  The  crying  evil  of  our  art  in  these  times  (ISSS),""  he  writes, 
"  is  the  fjict  that  much  of  our  surgery  is  too  mechanical,  our 

medical  practice  too  chemical,  and  there  is  a  hankering  to 
interfere,  which  thwarts  the  inherent  tendency  to  recovery 

possessed  by  all  persons  not  actually  dying."  Further  on,  in 
another  passage,  he  adds  :  "  There  are  actions  which  Nature 

cannot  do  so  well  as  the  artist  in  charge."  He  held  that  in 
only  one  way  could  the  surgeon  aid  the  reparative  powers  of 

injured  or  diseased  tissues  to  come  into  full  operation,  and 

that  was  by  giving  the  part  rest.  His  message  to  the  surgeons, 
of  his  time  was  that  they  did  not  understand  the  meaning  of 

the  word  "rest."  Hilton,  he  said,  fixed  a  limb  in  a  splint, 
and  believed  he  had  given  it  rest.  Inunobilisation  he  held  to 

be  the  first  requisite,  but  it  must  be  applied  in  such  a  way  that 

the  diseased  part  was  not  compressed,  nor  the  normal  circula- 
tion of  the  limb  in  any  way  interfered  with.  All  forms  of 

plaster-splint  necessarily  exert  an  injurious  pressure,  and  for 
that  reason  and  several  others  he  abandoned  them  at  an  early 

stage  of  his  practice.  Pressure,  he  held,  was  a  form  of  rest- 
lessness or  irritation.  If  he  applied  a  stiff  or  elastic  bandage 

to  a  diseased  knee-joint,  so  as  to  coni press  and  surround  it,  he 
held  that  in  so  far  as  he  lessened  the  movement  of  the  joint 

he  assisted  repair  ;  but  in  so  fsir  as  he  compressed  it  he  hindered 

repair.  He  distinguished  such  a  form  of  immobilisation  as 

that  of  "  direct  fixation  "^ ;  his  ideal  form  of  immobilisation  was 

that  of  ''  indirect  fixation,"  which  is  best  illustrated  by  liis 
knee  splint.      He  designed  this  splint  so  that  it  could  prevent 

'  "  The  printer,  a  quaint  character,  whose  name  was  Dobb,  lived  in  a 
small  shop  in  Gill  Street.  He  was  factotum  and  ])ublisher.  In  the 
later  editions  tlie  name  of  H.  K.  Lewis  appears  on  the  covers.  Very  few 

were  sold,  and  the  remainder  occupied  a  large  room  in  .Mr.  Thomas's* 
house  in  Nelson  Street.  " — Sir  Robert  JoNKS,  1913.  See  list  of  publications 
at  end  of  this  chapter. 
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movement  at  the  knee,  and  yet  leave  the  joint  uncompressed 
and  the  circulation  of  the  limb  unhindered.  All  forms  of 

immobilisation  which  depended  on  traction  bv  weights,  pulleys, 

or  elasticity  he  discarded,  not  only  because  they  transgressed 

his  conception  of  rest,  but  also  because  in  practice  he  found 

them  less  effective  than  that  of  "  indirect  fixation."  Rest  had 

to  be  continued  without  interruption  until  all  trace  of  un- 
soundness had  disappeared  from  the  joint,  and  then,  that 

point  being  reached,  the  cure  would  be  completed  by  the 

gradual  return  of  natural  voluntary  movements.  Therein 

lies  the  essential  doctrine  Thomas  came  to  preach  to  the 
surgeons  of  his  time. 

If  I  were  to  cite  an  instance  to  illustrate  how  his  conception 
of  rest  and  the  manner  in  which  his  methods  of  treatment 

differed  from  those  of  all  the  men  who  had  gone  before  him,  I 

should  select  it,  not  from  his  papers  on  fractures  and  diseases  of 

joints,  but  from  one  which  he  regarded  as  of  great  and  of  lasting 
merit,  that  in  which  he  describes  the  best  means  of  treating 
cases  of  obstruction  of  the  bowel.  In  his  time,  such  cases 

were  usually  treated  by  active  measures,  by  purges,  enemata, 

kneading,  and  movements  ;  as  a  last  resort  enterostomy  was 

performed.  He  had  followed  cases  of  acute  obstruction  of  the 

bowel  during  his  apprentice  days  at  St.  Asaph,  sometimes 
to  a  successful  at  other  times  to  a  fatal  termination,  and 

at  a  later  date  began  to  apply  his  treatment  of  rest,  with 

a  success  which  led  him,  in  1875,  to  write  his  first  paper  on 

this  subject.  It  was  not,  however,  until  1884,  when  the 

treatment  of  such  conditions  became  a  subject  of  discussion 

at  the  Liverpool  Medical  Institution,  and  afterwards  of  an 

acrimonious  correspondence  in  which  Sir  Mitcliell  Ranks  was 

involved,  that  this  part  of  his  labours  received  public  attention. 
In  his  treatment  of  such  cases  we  obtain  a  concrete  illustration 

of  what  he  n)eans  by  "  rest."  The  treatment  of  the  case  I 
have  selected  for  an  example  has  been  placed  on  record  by  his 

nephew.  Sir  Robert  Jones. ^ 
"I    remember  well   how   Mr.   Thomas  called   the  lelatives 

*  Intestinal  Obstruction  Thirty  Years  Ago.     Presidential  Address,  Liver- 
pool Medical  Instilution,  Octobf-r  1913. 
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together  and  told  them  he  was  going  to  make  a  fight  for  the 

patient's  Hfe.  He  urged  them  to  be  loyal  and  to  help  him, 
and,  to  add  to  his  persuasion,  he  threatened  them  with  a 

coroner's  inquest  if  they  gave  the  patient  anything  without  ex- 
press permission.  Above  all  things  the  patient  was  to  have  no 

milk ;  that  curdled  and  loaded  the  bowels  with  solids.  Then 

the  foot  of  the  bed  was  to  be  elevated  to  lessen  the  pressure  in 

the  abdomen  ;  a  morphia  injection  was  given,  and  nothing  but 

sips  of  water  with  a  little  arrowroot.  For  the  first  few  days 

he  visited  the  patient  five  or  six  times  a  day.  Almost  im- 

mediately the  vomiting  was  reduced  to  about  once  in  twenty- 
four  hours,  the  patient  became  easy  and  slept,  but  the  abdomen 

was  tense.  Twice  he  performed  paracentesis  (for  the  relief  of 

pressure),  being  careful  not  to  allow  the  trocar  to  remain  in 

the  intestine  longer  than  a  few  minutes,  for  fear  of  a  fistula. 

On  the  twenty-fourth  day,  at  intervals,  a  very  little  flatus  was 

passed,  on  the  twenty-sixth  lai'ge  quantities,  and  later  in  the 
day  a  few  small  scybalae.  Again,  during  the  night  a  copious 

pultaceous  motion,  and  this  again  followed  for  three  days  by 

prodigious  quantities  of  thin  faecal  fluid." From  the  method  in  which  that  case  was  treated  we  see 

that  rest  was  to  be  applied  with  the  meticulous  care  and 

rigidity  of  a  Calvinistic  doctrine.  Rest  was  to  be  secured  first, 

by  sedatives — to  place  the  bowel  at  ease  and  relieve  pain  ;  the 
bowel  was  to  be  restrained  from  all  manner  of  work  by  absolute 
starvation ;  he  declared  he  had  never  seen  starvation  cause 

death  in  a  case  of  intestinal  obstruction,  however  prolonged. 

The  bowel  was  not  to  be  disturbed  by  any  act  whatsoever, 

such  as  the  mving  of  enemata  or  "  rectum  ticklintr,"  as  he 

most  unprofessionally  phrased  the  practice.  "  Nature,"  he 

said,  "  is  late  in  working  a  relief,  and  patience  is  needed." 
His  critics  said  his  treatment  of  intestinal  obstruction  was  not 

new,  and  modern  surgeons  will  declare  it  to  be  bad.  His 

medical  critics,  however,  were  wrong;  opium  and  starvation 

had  been  often  prescribed  and  em[)l()yed  in  such  cases ;  rest 

had  been  enjoined,  but  Thomas  was  the  first  to  apply  rigidly 

and  completely  the  principle  of  rest  as  a  logical  system  to 

such  conditions,  and  to  carry  it  out  in  the  form  of  "  enforced, 
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uninterrupted,  and  prolonged  rest."  In  cases  of  fracture  of 
the  femur,  in  order  that  the  patient  might  escape  the  disturb- 

ance caused  bv  the  act  of  defaecation,  he  placed  the  bowel  at 

rest  by  sedatives  and  low  diet,  but  never  succeeded  in  keeping- 
it  still  beyond  the  twenty-first  day.  There  ii?  all  the  differ- 

ence in  the  world  between  the  pious  enunciation  of  a  principle 

and  its  strict,  systematic,  and  complete  application.  Therein 

lies  the  difference  between  Thomas  and  his  predecessors. 

It  has  been  said  that  Thomas''s  methods  of  treatment  are 
not  founded  on  a  knowledge  of  anatomy,  phvsiology,  and 

pathology — the  only  basis  for  a  rational  means  of  treatment. 

That,  in  one  sense,  is  true.  "  Surgery  is  an  experimental 

science,"  he  states.  All  his  life  long  he  kept  making  experi- 
ments in  his  methods  of  treatment,  closely  observinsr  and 

carefully  recording  the  results  night  by  night.  The  conclusion 

he  drew  from  these  years  of  toil  was  that  the  more  strictly  he 

observed  the  principle  of  rest  in  his  method  of  treatment,  the 

better  were  his  results.  Rut  it  would  be  a  complete  misrepre- 
sentation of  the  case  were  it  to  be  said  that  his  methods  were 

not  based  on  a  knowledije  of  the  anatomy  and  physioloiiy  of 

the  human  body.  "  Men  admired  my  splints  as  if  I  were  a 

blacksmith,'"'  he  wrote,  "  but  the  principles  on  which  thev  were 
framed  they  never  could  see."  We  shall  exanjine  those 
principles  in  connection  with  the  hip-joint.  We  shall  find  he 
is  to  reintroduce  to  us  a  very  old  kind  of  anatomy,  physiology, 
and  pathology.  Thomas  never  thought  in  terms  of  nuiscles, 

but  of  parts  ;  when  in  ordinary-day  life  we  execute  movements, 
however  perfect  our  knowledge  of  anatomy  may  be,  we  do  not 

think  of  the  muscles  which  produce  them,  but  only  of  the 
segments  or  parts  of  the  limb  or  body  we  wish  lo  move.  The 

anatomist  or  physiologist  who  would  sing,  play  golf,  or  ac(juire 

any  skilled  series  of  movements  is  well  aware  that  his  pro- 
fessional knowledge  gives  him  no  advantage ;  the  teacher  who 

corrects  his  faults  knows  nothing  of  muscles — only  of  right 
and  wrong  movements.  Vet  that  teacher  is  a  real  anatomist 

and  physiologiNt,  and  it  is  in  that  sense  that  Ilugii  Owen 

Thomas  was  an  anatomist  and  physiologist  of  a  very  rare  kind. 

When  he  came  to  apply  his  doctrine  of  rest  to  the  hip-joint, 
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he  saw  that  it  could  not  be  done  by  applying  the  long  splint 

to  the  side  of  the  body  and  lower  limb  —  even  if  it  stretched 

from  the  arm-pit  to  the  external  malleolus.  Such  a  splint  lay 

outside  the  axis  of  the  hip-joint ;  it  was  separated  from  that 
axis  by  the  lever  represented  by  the  head,  neck,  and  great 
trochanter  of  the  femur.  It  could  not  be  fixed  to  the  side  of 

the  chest  because  there  the  splint  crossed  the  ribs  at  their  point 

of  greatest  movement.  To  cross  the  axis  of  the  hip-joint,  so 
as  to  secure  a  complete  control  of  its  movements,  the  splint 

must  be  applied  from  behind  and  carried  up  the  back  where 

the  ribs  are  at  rest,  for  the  dorsal  segments  of  the  ribs  under- 
go only  a  rotatory  movement  where  they  are  covered  by  the 

spinal  musculature.  He  therefore  applied  his  hip  splint  to 
the  dorsal  surftice  of  the  body  and  thigh.  He  realised  that 

no  two  people  are  shaped  alike  and  that  the  splint  must  be 

accurately  moulded  for  each  patient,  and  only  one  with  a 

knowledge  of  anatomy  could  apply  it.  He  therefore  chose  a 

pliable  material — wrought  iron — of  suflicient  strength,  and 
invented  the  tools  by  which  it  could  be  shaped,  and  adjusted 

the  splint  to  the  patient's  body  with  his  own  hands.  He 

considered  that  the  fitting  of  a  splint  was  the  surgeon's  duty. 
He  observed  that  in  all  movements  of  the  lower  part  of 

the  body — in  walking,  turning,  or  bending — two  joints  were 

correlated  in  their  action,  the  hip  and  lumbo-sacral  joints  of 
the  spine.  He  saw  that  a  limitation  in  the  movement  of  the 

hip  could  be  compensated  for,  bv  an  increased  action  in  the 

lower  part  of  the  spine,  and  on  that  observation  he  founded 

his  test  for  demonstrating  and  estimating  the  degree  of  limi- 

tation in  the  movements  of  the  hip-joint.  He  realised  that 

the  hip-joint  could  not  be  fixed,  could  not  be  given  rest, 
unless  the  dorso-lumbar  region  of  the  spine  were  also  fixed. 
Movements  of  the  knee  also  affected  the  hip ;  the  knee  had 

also  to  be  fixed  to  give  the  liip  rest.  To  fix  these  joints  he 

invented  his  hip  splint — and  fashioned  it  in  such  a  wav  that  it 
could  be  fitted  and  attached  to  sound  parts  of  the  body  and 

could  be  so  placed  that  it  would  assist  the  weaker  groups  of 

hip-joint  muscles  against  their  stronger  antagonists.  He 
therefore    placed    the  main  supporting  bar  of   liis  hip  splint 
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along  the  back  and  prolonged  it  to  fit  the  flexor  aspect  of  the 

thigh  and  leg,  bent  so  as  to  support  these  parts  and  relieve 
the  Hexor  muscles  of  the  hip  from  those  burdens  which  disease 

had  thrust  upon  them.  He  did  not  know  why,  but  he  did 
know  that  these  muscles  would  begin  to  relax  so  soon  as  they 

found  they  were  relieved  of  their  involuntary  burden.  But  he 
did  much  more :  he  saw  that  the  splint  must  be  perfect  in  its 

fit,  and  its  effectiveness  ;  he  attended  to  that  day  after  day  and 

week  after  week,  moulding  the  splint  as  the  muscles  relaxed, 

thus  leading  the  parts  down  the  ladder  in  ease  which  they  had 

slowlv  climbed  in  pain.  We  see  that  he  carried  out,  just  as 

he  proposed  it  should  be  carried  out  in  the  treatment  of 
intestinal  obstruction,  and  as  it  never  had  been  carried  out 

before  in  cases  of  diseased  hip-joint,  a  system  of  "  enforced, 

uninterrupted,  and  prolonged  rest."  "  A  man,"  he  said,  "  who 
understands  my  principles,  will  do  better  with  a  bandage  and 

broomstick  than  another  can  do  with  an  instrument-maker's 

arsenal." 
His  discoveries  and  skill  as  an  applied  physiologist  we  can 

illustrate  also  in  connection  with  the  hip-joint.  A  hip-joint 
which  possessed  the  normal  range  or  radius  of  voluntary 
movement  was  in  full  health  ;  its  articular  surfaces,  ligaments, 

bone,  muscles,  and  nerves  could  not  then  be  the  site  of  iujury 

or  of  disease.  If  the  movements  were  limited,  then  some  part 

of  the  machinery  of  that  joint  was  affected  by  injury  or 

disease;  the  degree  of  the  limitation  was  a  sure  index  of  the 
extent  of  the  mischief.  If  it  was  found  that  on  comparing  the 

•  limits  from  one  week  to  another  there  was  a  greater  degi'ee 
of  restriction,  then  that  joint  was  undergoing  an  increasing 

degree  of  pathological  change ;  if,  on  the  other  hand,  the 
voluntarv  movements  were  less  restricted,  then  that  was  a  sure 
index  that  resolution  was  at  work.  He  invented  accurate  tests 

for  estimating  the  extent  of  movement  at  the  hip-joint  by  placing 
his  patient  in  a  supine  position  on  a  flat  surface  so  that  he  could 
observe  and  eliminate  the  luml)o-sacral  movements  l)efore 

estimating  the  mobility  of  the  hip-joints.  Pain,  heat,  swelling, 
and  redness  had  their  value  as  diagnostic  guides,  but  for  him  the 

most  delicate  and  practical  test  for  disease  or  derangement  was 
4 
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that  of  use — of  range  of  movement.  Over  and  over  again  he  was 

able,  by  the  appHcation  of  these  physiological  tests,  to  recog- 
nise incipient  stages  and  latent  residues  which  escaped  the  eye 

trained  in  orthodox  methods.  He  was  indifferent  as  to  how 

far  that  limitation  was  due  to  reflex  effects,  or  how  far  they 

depended  on  voluntary  protective  efforts  on  the  part  of  the 

patient ;  in  either  case  the  muscles  had  to  be  put  to  rest,  and 

for  that  there  was  but  one  means — the  hip  splint  he  had 
elaborated  on  a  definite  anatomical  and  physiological  basis. 

One  of  his  physiological  tests  he  rightly  regarded  as  of  the 

greatest  value — the  one  he  applied  when  he  removed  a  splint 
from  an  injured  joint  or  limb.  If  the  patient  after  removal 

of  the  splint  had  a  power  of  movement  and  could  by  an  effort 

of  will  poise  the  limb  exactly  in  the  position  in  which  it 

had  been  fixed  in  the  splint,  that  was  evidence  of  complete 

muscular  control  and  of  sound  health  in  the  part. 

In  1883,  knowing  nothing  of  Wolfs  law,  he  enunciates  the 

doctrine  that  "Time  and  Physiological  Action  will  commode 

the  part  to  the  direction  of  the  employed  force  "  (Coidribu- 
tions  to  Medicine,  Part  II.  p.  121).  From  beginning  to  end 

we  see  that  his  orthopfiedic  practice  is  founded  on  the 

truth  of  that  law.  Of  greater  importance,  from  a  practical 

point  of  view,  is  his  doctrine  of  "  unsoundness."  Much  of 
his  practice  is  founded  on  this  doctrine.  An  unsound  part 

is  one  which  is  the  site  of  disease  or  injury;  it  is  one 

in  which  inflaiiuiiatory  processes  arc  taking  place.  For  the 

orthopaedic  surgeon  a  state  of  "unsoundness"  is  of  the 
greatest  import,  because  such  a  part  is  then  plastic  and 
can  be  moulded.  The  deformed  knee  was  most  easily 

straightened  when  it  was  in  an  inflammatory  state,  and  the 

badly  set  fracture  when  it  was  in  a  stage  of  healing.  We 

see  him  apply  this  doctrine  to  the  rectification  of  deformities 

of  all  kinds.  The  deformed  part — be  it  knock-knee,  an  un- 

united or  a  mal-united  fracture  or  a  deformed  but  "sound" 

joint  —  has  first  to  be  reduced  to  a  state  of  unsoundness 
before  it  can  be  rectified.  He  had  many  methods  of 

setting  up  a  physiological  state  of  unsoundness  in  a  part 

— by    percussing  it,   wrenching  it,   or   apj)lying    the    process 
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which  he  called  "damming."^  His  application  of  siu-h 
means  for  the  treatment  of  deformities  was  the  corollary 

of  his  law  of  '"  Rest."  Rest  placed  tissues  in  the  most 
suitable  circumstances  for  reparative  processes  becoming 
effective,  so  that  the  part  became  sound  and  fit  for  use. 

If  the  opposite  condition  was  desired,  then  unrest — irrita- 

tion— would  render  the  part  unsound  and  plastic ;  the 
diseased  tissues  would  be  forced  to  make  unnatural  efforts  to 

effect  repair.  Movement  in  a  joint  caused  an  exuberant 

effort  that  ended  in  ajichylosis ;  movement  or  irritation  at 

the  site  of  fracture  resulted  in  an  exuberant  callus.  If,  then, 

he  wished  to  reduce  a  deformity,  he  excited  unsoundness  in 

the  area  in  which  the  deformity  existed.  For  a  like  reason, 

if  he  wished  to  excite  a  sluggish  tissue  to  action  as  in  an 

un-united  fracture,  or  one  in  which  union  was  delayed,  he 
irritated  the  tissues  by  various  physiological  methods — chief 

of  which  was  percussion  at  repeated  intervals  by  a  masked 
hammer  or  the  application  of  constriction  above  and  below 

the  site  of  the  fracture  or  lesion  ("damming").  He  believed 
by  thus  hampering  the  circulation  of  a  part  he  irritated  it, 

set  up  in  it  a  condition  of  tissue  unrest  and  evoked  increased 

efforts  towards  repair.  He  applied  the  same  form  of  treat- 

ment to  recurrent  dislocations  of  the  shoulder-joint,  and 
believed  that  a  similar  treatment  was  suitable  at  the  knee- 

joint  if  there  was  a  tendency  for  the  internal  cartilages  to 
become  dislocated. 

When  he  came  to  design  his  knee  splint  he  utilised  his 

intimate  knowledge  of  the  living  human  body.  He  was 

*"  guided  by  his  memory  of  the  natural  outline  of  the  part." 
Nature  has  two  methods  of  providing  limbs  with  the  degree 

of  rigidity  necessary  for  movement :  in  vertebrate  animals  she 

utilises  an  internal  or  central  support ;  in  Crustacea  and  insects 

a  peripheral  or  ensheathing  support  answers  her  purpose.     We 

'  Thomas  introduced  the  practice  of  tlamminij  for  llie  treatment  of 
cases  of  delayed  un-united  fractures  in  1876.  In  1903  Bier  introduced  this 
method  which  Thomas  had  constantly  taught  and  used  as  a  means  of 

treatment  from  1876  until  i8gi — but  British  and  .Aimerican  surgeons  speak 
of  it  as  Bier's  method  I 
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have  no  reason  to  suppose  that  Thomas  borrowed  any  sugges- 
tion from  the  crab  or  lobster,  yet  his  knee  spHnt  is  based  on 

the  ensheathing  principle,  exemplified  in  their  limbs.  He 

simplified  the  sheath  design  by  cutting  away  all  unnecessary 

parts,  leaving  only  a  basal  or  inguinal  ring,  with  inner  and 

outer  bars  to  represent  the  complete  sheath.  He  saw  that 

he  had  to  utilise  the  natural  base  of  the  limb — the  prominent 

and  fixed  parts  of  the  hip  bone — as  a  .base  for  the  new 
skeleton  with  which  he  was  to  supply  support  to  the  damaged 

extremity.  He  therefore  left  intact  the  basal  ring  of  the 

sheath,  and  by  an  exact  study  of  the  living  parts  moulded  the 

inguinal  hoop  to  the  supporting  points  of  the  pelvis — the 
ischial  tuberosity  and  projecting  iliac  parts  of  the  pelvic  basin. 

He  gave  his  sheath  rigidity  at  its  distal  or  pedal  end  by 

uniting  the  lateral  supports.  He  fixed  the  foot  in  the  distal 

end  so  as  to  keep  the  limb  fully  extended  and  incapable  of 

movement.  He  thereby  left  the  circulation  of  the  limb  free, 

and  such  pressure  as  was  necessary  for  fixation  or  for  reduction 

of  deformity  was  applied  to  healthy  parts.  He  thus  furnished 

the  lower  limb  with  a  new  and  temporary  skeleton  which 

relieved  all  its  bones  of  work  and  stress,  and  gave  the  muscular 

engines  complete  rest. 
It  is  when  we  watch  Thomas  undertaking  the  treatment 

of  deformities  of  the  foot  that  we  recognise  in  him  a  true,  if 

unconscious,  disciple  of  Hunter.  He  bases  his  treatment  on  a 

knowledge  of  function,  and  with  the  sure  touch  of  genius  hits 

at  once  on  the  simplest  and  moSt  effective  means  of  j)utting 

his  principle  into  practice.  A  woman,  Mrs.  E.,  brings  her  son 

for  treatment  in  an  early  stage  of  flat-foot.  He  informs  the 

mother  first,  that  "  steels  "  are  not  required  (she  had  thought 
otherwise) ;  secondly,  that  the  remedy  for  the  existing  con- 

dition is  to  assist  the  boy  to  cont'imic  tlic  infin-n  of  his  feet  \ 
thirdly,  that  hitherto  the  boy  was  making,  by  his  will,  directed 
to  his  calf  muscles,  an  effort  to  avoid  deformity ;  fourthly, 

that  these  muscles,  subjected  to  too  continuous  an  effort,  would 

become  tired,  then  probably  the  foot  might  rapidly  splay,  other 

muscles  then  coming  into  play,  but  only  to  aggravate  the 

difficulty  :  that  the  remedy  is  simply  to  provide  a  particular 
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form  of  boot  heels,  and  that  leather  ic'ill  do  the  labour  wliich,  at 
present,  is  continually  thrown  on  certain  muscles,  which  are 

not  only  doing  their  own  work,  but  are  sustaining  a  weight 

which  ligaments^  for  a  time  are  unable  to  sustain.  The 

mother,  however,  remained  unconvinced.  "  What !  "  said  she, 
"  onlv  to  put  a  bit  of  leather  on  his  shoes  and  still  make  him 

walk  with  his  toes  turned  in  ?  "  Thomas  made  another  attempt 
"to  explain  whv  merelv  wearinij  a  moderatelv  hitch  heel  well 
sloped,  so  that  the  outer  depth  of  the  heel  of  the  boot  should 

be  three-(|uarters  of  an  inch  and  the  inner  edge  one  inch,  was 

all-sufficient  for  a  pair  of  feet  in  the  initial  stage  of  splay." 
Thomas  learned  "  crooked-heel "  method  of  treatment  from 

watching  the  development  of  flat-foot  in  patients  who  had 

sustained  Pott's  fracture.  In  such  cases  he  assisted  the 

overstrained  muscles  of  the  instep  by  "  crooking "  the  heel 
of  the  boot,  so  that  the  weight  of  the  body  was  thrown 
towards  the  outer  side  of  the  foot.  But  the  woman,  like 

Naaman  of  old,  "  was  wroth  and  went  away."  In  an  equally 
simple  and  effective  manner  he  gave  rest  to  the  metatarso- 

phalangeal joints  of  the  foot,  particularly  in  cases  of  hallux 

valgus,  by  the  simple  means  of  throwing  a  raised  bar  across 

the  sole  of  the  boot.  By  this  simple  method  the  strain  in 

walking  falls  directly  upon  the  heads  of  the  metatarsal  bones 

instead  of  upon  the  toes  and  their  basal  joints. 

The  instances  just  cited  to  illustrate  Tiiomas's  "  principles 

and  practice"  have  been  chosen  from  the  lower  limb.  As 
regards  the  upper  limb,  we  see  him  again  bringing  his  pi-actical 
knowledge  of  anatomy  to  bear  on  the  shoulder-joint.  As  at 
the  hip,  he  realised  that  in  all  shoulder  movements  two  joints 

were  involved :  the  scapulo-thoracic  and  the  scapulo-humeral. 
It  was  his  recognition  of  this  fact  which  led  him  to  plan 
a  new  means  for  the  treatment  of  dislocations  of  the 

scapulo-humeral  or  shoulder-joint.  That  joint  could  not 
be    manipulated    with    precision  imtil  the  scapula  was  fixed. 

'  In  the  normal  foot  muscles  alone  maintain  and  balance  the  arch.  It 

is  not  until  the  muscles  g^ive  way  that  a  load  is  throw'n  on  the  lig^anient. 

Lig-aments  arc  incapable  of  sustaining  a  steady  weight  without  undergoing 
elongation. 
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He   again    utilised    a  basal  ring — built   into   the  side  of  his 

dislocation   chair — against   which    the  scapula  could  be  fixed 
when  the  arm  was  drawn  through  the  ring  for  the  purpose 

of    reducing    a    dislocation    of    the    shoulder-joint.     Further, 
we   see   he   has  grasped,  in   a  way  no   one   had   done   before 

him,    the    essential     diff'ei-ences    between    lower    and    upper 
limbs.     The  lower  limbs  are  fi-anied  and  constituted  to  serve 

in  the  support  and  locomotion  of  the  body  ;  their  nuiscles  are 
fixed   and    tuned    to   serve   these   functions.      Hence   when  he 

sought  to  rest  their  muscles,  he  fixed  the  limb  in  long  rigid 

splints — for   preference   his    knee   splint.      But    in    the    upper 
limbs   the  anatomical   and   functional   conditions    are   totally 

different ;  the  arms  are  framed  not  for  support  but  for  free 

movement;  they  have  no  rigid  basal  girdle  to  which  a  fixation 

apparatus   can    be   applied.     As    usual    he   fell   back   on   the 

simplest    means — his    "gauge-halter "—which    in     the    upper 
limb   takes   the   place   of  the  knee  splint  in  the  lower  limb. 

His  gauge-halter  is  simply  a  neckerchief  tied  round  the  neck 
so  that  its  loose  ends  fall  down  the  breast.     The  loose  ends 

are  tied  so  as  to  form  a  sling  for  the  support  of  tiie  Hexed 
arm,  but   tied   to    the   wrist   and   sealed   so   tliat  neither  the 

patient  nor  his  friends  can  take  liberties  with  the  surgeon''s 
treatment.     "  This  gauge-halter,"  he  writes,  "  when  employed 
by  me  is  never  varied  or  undone  until  the  patient  is  cured. 

Rest  has  to   be   enforced,   uninterrupted,  and  prolonged.     It 

is  a  very  simple  surgical  appliance,  but  one  which  I  frequently 

employ  to   the  exclusion   of  all  other  mechanical  aids.     For 

fractures  of  the  condvloid  portion  of  the  humerus  it  is,  after 

due  consideration  and  observation,  my  firm   conviction    that 

slinging  the  arm  by  a  gauge-halter  only  is  the  same   treat- 
ment.    I   am    very   wary  that   none  but  myself  meddle  with 

it,   and   examine   periodically   the    arrangement    of   the    cord 

part,  especially  if  the  case  is  not  doing  well.     A  wily  female 

deceived  me  on  one  occasion  by  cutting  the  gauge  behind  the 

patient's  neck  and  stitching  it  up  again.      After  my  detection 
of  her,  I  always  examined  the  cord  behind  tlie  neck  and  have 

since  caught  several  offenders." 
We  thus  see  that  although  he  completely  alters  the  means 
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he  adopts  in  the  treatment  of  injuries  and  diseases  of  the  upper 

limb,  the  principle  remains  the  same.  He  gives  the  part  rest 
and  secures  a  free  circulation  of  the  limb.  His  chau<>;e  of 

means  was  determined  by  the  essential  differences  in  structure 

and  function  which  exist  between  the  upper  and  lower  limbs 

— diff'erences  which  many  of  his  followers  have  failed  to realise. 

To  form  a  just  appreciation  of  the  writings  of  this 

Liverpool  surgeon,  it  is  necessary  to  know  something  of  the 

\arious  movements  which  swept  across  the  practice  of  surgery 

during  the  period  covered  by  liis  professional  career.  When 

he  became  an  apprentice  to  his  uncle  in  St.  Asaph  in  1851, 

the  use  of  ana?sthetics  was  becoming  established,  but  the  more 

his  experience  became  extended  the  less  did  he  rely  on  the 

inventions  of  Morton  or  Simpson.  He  had  been  practising 

for  seven  years  in  Hardy  Street  when  Lister,  in  18G6, 

announced  his  discovery  of  wound-infection,  a  discovery 
which  ultimately  revolutionised  operative  surgery.  That 

discovery  scarcely  affected  Thomas''s  practice.  "  For  some 
years  previous  to  the  introduction  of  the  antiseptic  method, 

I  practised  the  open  method  and  was  well  satisfied  with  the 

results  obtained,  but  on  the  publication  by  Professor  Lister 

of  his  successes,  I  at  once  commenced  the  practice  of  anti- 
septic surgery  and  continued  to  practise  it  for  three  years, 

with  the  result  of  being  perfectly  satisfied  that  its  merits  have 

not  been  over-stated  noi*  the  trouble  necessary  for  carrying 
out  tlie  details  exaggerated.  I  returned,  however,  at  the  end 

of  that  time  to  the  open  method,  and  have  since  la])oured  to 

impi'ove  it,  so  much  so  that  I  am  emboldened  to  assert  tluit 
the  open  method,  in  results  and  successes,  is  equal,  if  not 

superior,  to  anything  to  which  antiseptic  treatment  has  yet 

attained."  In  cases  of  compound  fractures  he  laid  open  all 
the  recesses  of  the  wound  and  washed  them  out  with  water, 

or  salt  and  water.  Thus,  of  tlic  Listerian  movement  aud  all 

the  antisej)tic  observations  which  it  entailed,  Thomas  was  little 

more  than  a  spectator. 
Another  movement  which  was  initiated  in  New  York  fjy 

H.  G.  Davis,  C.  F.  Taylor,  and  Lewis  Sayre  during  the  early 
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sixties  brought  out  certain  critical  and  pugnacious  qualities 
of  which  Nature  had   given  him  a  liberal  endowment.     He 

was    convinced    he    had  grasped   the   great   principle   of   rest 

more    completely   than    they,   and    had    evolved    much    more 

effective  means  of  applying  that  principle  in   the  treatment 

of  injuries  and  diseases  of  bones  and  joints.     Yet  he  saw  his 

British  colleagues  extol  their  methods  and  appliances  and  pass 

his  own  efforts  by  with  neglect.     The  New  York  school  were 

advocates  of  extension  as  a  means  for  fixing  and  resting  dis- 
ordered limbs.     Thomas  said  the  practice  had  been  tried  in 

England  for  thirty  years,  and  was  abandoned  because  it  was 

wrong  in  principle,  and  the  results  obtained  in  practice  by  its 
use  were  bad.     His  language  and  epithets  were  certainly  not 

calculated  to  further  the  objects  he  had  in  view.     "Several 

of  my  friends,"  he  wrote,  "have  expressed  their  objection  to 
the  habit  I  have  indulged  in,  of  criticising  the  treatment  of 

others.     My  answer  is  that  the  errors  of  past  practice  must 
be  laid  bare,  otherwise  the  reformed  treatment  is  apt  to  be 

leavened  with  the  errors  of  the  old  ""  {Contribuiion.s,  Part  HI. 
p.  104). 

Another    movement    which    occupied   the   close    attention 

of  surgeons  in  Thomas's  time  was  the  excision  of  joints.     He 
knew  very  well  that,  fifty  years  before  he  was  born,  this  con- 

servative form  of  surgery  was  conceived  and  put  into  practice 

by    Henry    Park    in    Liverpool    Infirmary.     As   a  student  in 
Edinburtrh  he  heard  Svme  extol  its  benefits ;  when  he  was  in 

full  practice  as  a  surgeon,  James  Spence  was  j^roclaiming  that 

its    tiiorough    application    would    open    up    a    new    world   in 

surgery.      In    Thomas''s    opinion,    the     world     which    excision 
oj)ened    up,   was   one   of   unnecessarily   maimed   limbs — limbs 

which  could  li'ave  been  saved,  or  at  least  cured  ecjually  well, 
had    the   surgeon    been    lonfent    to    plav   the   j)atient  part    of 

Nature's    assistant.       How    lie    came    by    that     opinion     the 
foUowincT  extracts  will  show  : 

"  liut  as  I  rtwell  in  a  lar<i;e  town,  endowed  witli  several 

large  hosj)itals,  in  cliai'ge  of  enterjirising  surgeons,  who.  in- 
spired bv  the  spirit  of  the  profession  of  our  times,  prefer  to 

cut   mechanically  what   could   be   unloosed    j)hysiologically,  I 
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have  thus  been   enabled   to   notice   what   can   be  gained    by 

excision  of  diseased  articulations/'^^ 

"  Excision  was  very  successful,  so  far  as  not  being  attended 
with  a  hio;h  mortalitv,  and  the  limb  after  excision  was  as 

superior  to  an  artificial  limb  as  a  limb  cured  in  useful  form, 
though  with  a  defective  joint,  is  superior  to  a  limb  in  which 

a  joint  has  been  excised.""- 

In  brief,  he  believed,  as  a  result  of  prolonged  observation, 

that  there  was  no  place  for  the  operation  of  excision  of  joints 

in  surgery  ;  the  limbs  which  could  be  saved  by  excision  could 

also  be  saved,  but  in  a  much  more  useful  state,  by  the  applica- 
tion of  rest,  uninterrupted,  enforced,  and  prolonged.  If  rest 

could  not  save  them  there  was  no  alternative  short  of  amputa- 
tion. In  estimating  the  merits  or  demerits  of  excision,  he 

pointed  out  more  emphatically  than  anyone  had  done  before 

that  there  was  a  natural  history  of  joints.  The  elbow-joint 
had  a  recuperative  power  beyond  all  other  joints  of  the  body, 

yet  even  in  that  joint,  good  as  the  results  of  excision  might 

often  prove  to  be,  he  held  that  the  cures  obtained  by  "  natural 

means  "  were  superior  in  every  case. 

It  was  during  'I'homas's  time  that  manipulative  surgery  or 

"  bone-setting  "  had  one  of  its  periodical  phases  of  elation.  In 
18G7,  Sir  James  Paget,  impressed  by  the  writings  of  Dr. 

^^'harton  Hood  and  by  his  own  observations,  connnended, 
with  the  weight  of  his  great  authority,  the  methods  employed 

bv  bone-setters  as  the  mo'st  effective  means  of  treating  limbs 
and  joints  which  had  become  stiff  from  injury  or  from  disease. 

Now  there  was  no  one  in  P^lngland  so  well  (jualified  to  express 

a  reasoned  judgment  on  the  efficacy  of  methods  practised  by 

bone-setters  as  IIu";h  Owen  Thomas.  In  this  matter  it  is 

best  to  let  him  speak  for  himself. 

"  For  many  years  alter  the  commencement  of  my  experi- 
ence in  surgery,  I  had  the  opportunity  of  observing  the 

practice  of  those  who  had  acquired  a  good  reputation  for  skill 

as    successful    manij)ulators.       Their    forcible    operations    and 

'  Contributions,  r886,  Part  \'I.  p.  93. 
-Ibid.,  1883,  Part  II.  p.  147. 
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passive  motions  were  supposed  either  to  lead  to,  or  hasten  on, 

the  recovery  of  joints  injured  or  otherwise  unsoimd.  I  have 

resorted  to  these  performances,  and  for  many  years  believed 

that  my  interference  assisted  recovery.  Long  ago  I  have,  from 

a  ̂ more  complete  knowledge,  confirmed  by  crucial  tests,  so 

selected  them  that  I  cannot  find  suitable  cases  upon  which  I 

would  perform  the  deception  known  as  passive  motion.  And, 

whereas  in  the  earlier  days  of  my  experience  I  believed  that 

much  aid  was  given  to  recovery  by  passive  motion,  now  I 

know,  by  well-attested  facts,  that  some  of  my  marvels  of  my 

past  practice  had  been  marred  by  the  very  treatment  I  was  so 

proud  of."  ̂   That  was  the  conclusion  he  reached  after  a  life- 
time of  close  observation  not  only  of  cases  which  had  been 

under  his  own  care  and  under  that  of  his  father,  but  also  cases 

treated  by  bone-setters  of  great  repute. 

His  abandonment  of  "manipulative  surgery"  and  of 
passive  movements  for  the  recovery  of  disabled  joints  was  not 

altogether  a  result  of  his  experience ;  his  experience  was  sup- 
ported by  every  observation  he  could  make  on  the  state  of 

diseased  or  injured  tissues.  He  could  not  see  how  it  was 

possible  for  movement  to  do  otherwise  than  increase  the  irrihx- 
tion  of  the  part,  to  aggravate  the  inflammatory  process  and  to 

increase  the  amount  of  exudate  thrown  out — the  very  sub- 
stance out  of  which  adhesions  are  formed.  He  knew  from 

direct  observation  that  such  was  the  case.  Nor  could  he  con- 

ceive how  the  disease  or  injury  could  be  lessened  by  passive 
movements.  massa<xe,  or  friction  ;  no  one  has  ever  shown  liow 

they  could  be.  But  there  is  proof  that  rest  favours  the 

reactive  and  reparative  powers  of  tissues  and  lessens  the 

formation  of  adhesive  matter.  The  principles  which  guided 

him  in  j)ractice  chimed  with  his  experience;  surgeons  were 

misled  in  favour  of  manipulation  by  three  circumstances:  (1) 
a  lack  of  observation  on  a  suHicient  number  of  control  or 

passively  treated  cases ;  (^)  a  lack  of  j)atience  ;  (-})  tlie  lack 
of  a  test  to  tell  them  when  the  joint  was  sound.  He  knew 

that  once  the  part  was  sound  the  nniscles  would  again  come 

into  action ;  they  could  not  act  normally  until  the  diseased 

'  Contributions,  Part  \'I.  p.  66. 
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condition  had  been  replaced  by  one  of  healtli.  When  once  that 
state  was  reached  he  had  no  fear  of  adhesions ;  normal  voli- 

tional movements  would  break  them  down  more  surely  than 

the  most  skilled  manipulations.  The  following  {[notation  illus- 
trates the  forcible  wav  in  which  he  expressed  himself  on  this 

matter :  "  It  would  indeed  be  as  reasonable  to  attempt  to 
cure  a  fever  patient  by  kicking  him  out  of  bed,  as  to  benefit 

joint  disease  by  a  wriwo-lincp  at  the  articulation." 
Like  John  Hunter,  his  opinions  and  practice  altered  as  his 

experience  and  knowledge  increased.     "  My  present  opinion," 

he  wrote,  "  concerin'ng  late  incisions  for  pus  within  the  elbow- 
joint  is  contrary  to  the  one  which  I  held  fifteen  years  ago  ;  but 

my  change  of  view  was  gradual  and  unavoidable,  being  the 

effect  of  clinical  observation."     We  have    seen  that  he  tried 
manipulative  surgery  and  abandoned  it ;  he  did  the  same  as 

regards  the  Listerian  method  of  treating  wounds ;   he  aban- 
doned aspiration   of   fluid  or  blood  from   joint  cavities  after 

years  of  trial.     Perhaps  the  best  example  of  his   change   of 

practice  relates  to  his  treatment  of  fractiu'es  of  the  neck  of  the 
femur,  of  the  patella,  and  of  the  olecranon.      From  being  the 

lesions  he  was  most  afraid  of,   they  became    the   ones  wliich 

troubled  him  least.     It  is  not  necessary  here  to  describe  the 

appliances  he  used;  his  aim  was  to  secure  (1)  perfect  fixation 

of  the  part  to  ensure  absence  of  friction  ;  (2)  freedom  of  blood 

supply;  (3)  an  attitude  of   indifference   as  i-egards  obtaining 
perfect  symmetry.     We  see  the  critical  and  sceptical  tempera- 

ment with  which  he  was  endowed  from  the  following  extract : 

"  Indeed,  my  experience    incensed    me  with    doubts,  whether 
surgical  treatment  (in  fracture  of  the  patella)  was  hitherto  any 

aid  to  repair,  and  with  a  belief  that  it  was  only  of  some  help 

in  bringing  about  i-estoration    of   symmetry.     Observing  the 
results  of  the  practice  of  otliers  and  my  own,  I  was  forced  to 

the  conclusion  that  perfect  restoration  of  symmetry  was  of  no 

value  towards  gaining  a  rapid  cure  and  a  useful  result.   .   .   . 
It  was  thus  becomiii";  evident  to  me  that  the  acme  of  treat- 

ment  would  l)e  the  adoption  of  some  means  that  would  ])e 

purely  supplemental  to  the  natural  or  spontaneous   mode  of 

recovery,  so  that  the  inherent  tendency  to  repair  would  not 
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be  hindered*"  (1879).^  Hence  in  fracture  of  the  neck  of  the 
femur  he  applied  his  hip  splint,  with  rest  in  bed  ;  in  fracture 

of  the  patella,  his  knee  splint  in  the  form  of  a  walking  caliper  ; 

and  in  simple  fracture  of  the  olecranon  he  slung  the  arm  at 

an  obtuse  angle  in  his  "  gauge-halter.""  But  as  regards  treat- 
ment of  muscles  his  practice  never  changed.  He  speaks  of 

them  as  John  Hunter  did,  as  if  possessed  of  a  species 

of  intelligence.  The  "intelligent  muscles,  finding  their 
labours  no  longer  needed  (after  application  of  his  hip  splint), 

take  a  rest  until  invited  to  enter  again  on  duty."  ..."  If  a 
muscle  manifests  a  flicker  of  movement  under  volition,  it  will 

recover  its  full  power,"  is  another  instance  of  physiological 
observation.  He  treated  muscles  as  he  treated  his  patients. 

He  relieved  the  weak  and  oppressed ;  he  restrained  the 

strong.  If  the  flexors  of  the  elbow  were  paralysed,  he  saved 

them  from  their  overstrong  antagonists,  by  keeping  the  elbow 

partially  flexed  ;  he  dorsi-flexed  the  wrist-joint  by  a  special 

splint  to  nin-se  the  paralysed  extensor  muscles  of  the  forearm. 
In  truth,  Owen,  Thomas  was  the  lineal  descendant  of  John 

Hunter  and  had  the  misfortune  to  appear  in  a  period  when 
the  Hunterian  traditions  were  overshadowed  by  brilliant  and 

great  advances  made  in  many  departments  of  medical  know- 
ledge. The  microscope  seemed  to  reveal  a  world  of  disease  for 

which  Hunterian  methods  were  out  of  date,  whereas  it  was  the 

same  world  of  disease  looked  at  a  little  more  closely.  It  was 

a  period  in  which  the  surgeon  boldly  essayed  to  play  an  active, 

not  a  passive,  part  in  healing,  and  in  such  a  company  there  was 

no  place  for  Thomas.  It  is  true  that  he  had  not  studied  living 

matter  as  Hunter  had,  but  that  very  inventive  genius  which 

permitted  Hunter  to  plumb  some  of  Nature's  deepest  secrets 
was  also  given  to  Thomas,  who  spent  it  in  the  design  of 

appliances  to  secure  the  principle  dearest  to  his  heart — physio- 
logical rest.  If  Thomas  had  spent  that  gift  on  commercial 

projects  he  would  have  been  one  of  the  most  prolific  and 
successful  inventors  of  his  time.  Vet  were  I  to  emphasise  the 
greatest  leiracv  he  has  left  to  Medicine,  it  would  not  be  his 

splints  or  appliances,  his  principles,  his  practical  applications 

^  (^o)itributions,  Part  \'I.  p.  5^. 
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of  anatomy  or  of  physiology  I  would  underline,  but  his  per- 
sonal care  in  the  service  of  his  patients.  No  trouble  was  too 

great  for  him  if  his  attention  was  needed  to  effect  a  cure.  I 

will  cite  only  one  example — one  which  illustrates  not  only  his 
peculiar  ability  as  a  biological  surgeon,  but  his  remarkable  gift 

of  taking  pains  : 

"  A  young  girl  consulted  me  who  was  much  annoyed  by 
the  slipping  of  her  patelbc  over  the  outer  condyles  whenever 

the  knees  were  bent.  It  appeared  to  me  that,  if  I  could 

enlai'ge  the  upper  surface  of  the  outer  condyles,  then  the  knee- 
caps could  not  ride  over  them.  After  the  right  and  left  outer 

condyles  had  been  moderately  percussed  cvenj  roeeJc  during-  Jive 
months,  the  left  patella  ceased  to  ride  over  the  outer  condyle, 

and  after  nine  months'  percussion,  the  right  patella  also 

ceased  "  (Contributions,  Part  VII.  p.  53). 

If  genius  is  a  "  capacity  for  taking  pains,"  then  Thomas  was 
a  genius  ;  no  one  who  will  take  the  trouble  to  ascertain  what 

he  did,  and  the  circumstances  under  which  he  accomplished  his 

life's  w'ork,  will  fail  to  see  that  he  has  earned  himself  a  place 
among  great  British  surgeons. 

List  of  High  Owen  Thomas's  Chief  Pcbmcations 

1875.  Diseases  of  the  Hip,  Ktiee,  and  A)ikle  Joints,  7vith  their  Deformi- 
ties: Treated  by  a  Neiv  atid  Efficient  Method.  First  Edition, 

1875  ;  Second  Edition  (with  Introduction  by  Professor  Rushton 
Parker),  Liverpool,  1876,  283  pp.  26  plates  ;  Third  Edition,  1878. 

1878.  A  Revie7v  of  the  Past  and  Present  Treatnietit  of  Disease  in  the  Hip, 
Knee,  and  Ankle  Joints,  1878,  66  pp. 

1881.  "  The  Treatment  of  Fractures  of  the  Lower  Jaw"  (Part  V^  of 
Contributions  to  Medicine  and  Surgery),  13  pp.  5  plates. 

1883.  "  Intestinal  Disease  and  Obstruction"  (Part  I.  of  Contributions  to 
Medicine  and  Surgery),  284  pp.  +  xvi,  5  plates,  Appendix. 

1883.  "Nerve  Inhibition  and  its  Relation  to  the  Practice  of  Medicine" 
(Part  VIII.  of  Contributions  to  Medicine  and  Surgery),  47  pp. 

1883.  "Principles  of  the  Treatment  of  Diseased  Joints"  (Part  II.  of 
Contributions  to  Medicine  and  Surgery),  151  pp. 

1885.  "  The  Collegian  of  1666  and  the  Collegians  of  1S85  ;  or,  '  What  is 

Recognised  Treatment?'  '  (Part  IV.  of  Contributions  to  Medi- 
cine and  Surgery),  147  pp.  First  Edition,  1885;  Second  ICditioii, 

1888. 

1886.  "  The  Principles  of  the  Treatment  of  P'ractures  and  Dislocations  " 
(Part  VI.  of  Contributions  to  Medicine  and  Surgery),  104  pp. 

17  plates. 
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1887.  "  Fractures,  Dislocations,  and  Diseases  and  Deformities  of  the 

Bones  of  the  Trunk  and  Upper  Extremities"  (Part  III.  of  Cofi- 
tribiiiions  to  Medicine  and  Surgery),  127  pp.   16  plates. 

1S88.  "A  Xevv  Lithotomy  Operation,"  Provincial  Med.  Journ.,  April 
1888. 

1889.  "An  Argument    with   the  Censor  at  St.   Luke's  Hospital,   New 
York"  (Part  VIIL  of  Contributions  to  Medicine  and  Surgery), 

45  PP- 
1890.  "Lithotomy"  (Part  VIIL   of  Contributions  to  Medicine  and  Sur- 

gery), 16  pp. 

1S90.   "  Fractures,  Dislocations,  Deformities,  and  Diseases  of  the  Lower 

Extremities"    (Part    VII.    of   Contributions    to    Medicine    a?id 
Surgery),  320  pp.  117  figs. 

"Spinal    Deformities."      Projected  in    1S78  as  Part  IX.   of   Coti- 
tributions  to  Medicitie  and  Surgery.     Never  published. 

■  Manual  of  Orthopcedic  Surgery.     Announced  in    1S78   as  shortly 
to  be  published.     Never  published. 



William  John  Little,  1887. 
Born  1810;  Died  1894. 

A  pioneer  of  Orthopredic  Surgery. 

CHAPTER    IV 

THE  INTRODUCTION  OF  TENOTOMY 

In  this  chapter  a  sketch  is  given  of  tlie  work  of  three  men — William 
John  Little,  George  Frederick  Louis  Stroniejer,  and  William  Adams.  All 

of  them  had  accomplished  their  best  work  before  the  subject  of  the  previous 

chapter  had  put  up  his  ])late  hi  Liverpool.  All  three  men  were  jirolific 
writers.  For  a  full  list  of  tlieir  publications  the  reatler  is  referred  to  the 

Catalogue  of  the  Library  of  the  Surgeon-General  of  the  U.S.  Army. 

IN  three  former  chapters  we  have  considered  the  principles 

and  practice  of  three  outstanding  medical  men — Hunter, 

Hilton,  and  Thomas — gathering  from  their  life''s  work,  as 
best  we  could,  the  facts  which  are  useful  for  our  present 

purpose — the    repair    of   disabled    limbs.      We    have  tried  to 
follow  the  manner  in   which   they  acquired   their    knowledge 
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and  the  use  they  made  of  it  in  their  modes  of  treatment. 

My  object  in  this  chapter  is  not  to  follow  a  man,  but  a 

movement — a  movement  which  led  surgeons  to  practise  the 
section  of  tendons  for  the  relief  and  rectification  of  deform- 

ities. We  have  seen  that  Hiuiter  had  carried  out  a  series  of 

experiments  to  study  the  effects  which  follow  section  of  a 
tendon  and  the  exact  manner  in  which  the  breach  so  caused 

underwent  repair.  The  events,  however,  which  led  to  the 

introduction  of  tenotomy  as  a  measure  of  surgical  routine 

had  nothing  to  do  with  Hunter's  experiments,  they  occurred 
nearly  thirty  years  after  he  was  dead.  The  events  we  are 

to  describe  belong  to  the  earlier  half  of  the  Victorian  Era,  for 

it  was  in  1837,  the  year  in  which  Queen  Victoria  ascended 

the  throne,  that  the  first  operation  for  the  cure  of  club-foot 
by  the  section  of  tendons  was  carried  out  in  England. 

The  man  who  can  best  serve  as  a  guide,  as  we  follow  the 

march  of  events,  is  William  John  Little,  the  son  of  parents 

living  in  comfortable  circumstances  in  the  East  End  of  London. 

Little  was  born  in  1810,  and  was  therefore  a  contemporary  of 

Hilton.  In  his  infancy  he  suffered  from  a  fever  which  left 

him,  when  two  years  of  age,  with  a  palsied  and  deformed 

foot.  As  he  grew  up,  so  he  informs  us,  his  left  foot  became 

inverted,  the  heel  became  drawn  up  and  a  typical  talipes 

equino-varus  developed.  At  the  age  of  16  he  was  apprenticed 
to  a  neighbouring  apothecary,  but  two  years  later,  in  18!^8, 

his  indenture  being  cancelled,  he  began  the  study  of  Medicine 

at  the  London  Hospital,  situated  then  almost  in  the  open 

country  but  now  buried  in  the  great  "East  End."  He 
entered  his  studies  with  the  (ixcd  intention  of  discovering 
what  could  be  done  for  the  relief  of  such  a  condition  as  he 

suffered  from.  He  found  that  club-foot  was  rcirarded  as 

lying  outside  tlie  legitimate  scope  of  surgery,  and,  in  the 

opinion  of  his  teachers,  was  properly  confided,  as  his  own 

case  had  been,  to  the  care  of  bone-setters  and  sprani  rubbers, 
who  treated  tlie  condition  with  manipulations  or  instruments, 

often  with  a  fair  degree  of  success.  A  man,  whose  chief 

object  in  devoting  himself  to  Medicine,  had  been  the  allevia- 

tion   of   a    personal    infirmity — one    with    which     his    senior 
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contemporaries  Lord  Byron  and  Sir  Walter  Scott  were 

afflicted — was  not  likely  to  remain  content  with  the  comfortless 

promise  of  his  time.  Hence  we  find  him,  all  through  his 

time  of  study  at  the  London  Hospital,  seeking  every  oppor- 
tunity of  making  himself  acquainted  with  the  actual  con- 

dition of  parts  in  deformed  feet.  P'ortunately,  for  the  aim 
he  had  in  view,  he  possessed  a  facile  command  of  the  French 

tongue,  and  during  his  studenthood  followed  medical  progress 
in  the  literature  of  Paris  as  well  as  in  that  of  London,  He 

became  particularlv  interested  in  the  work  of  the  French 

surgeon  Delpech  of  Montpellier — who  was  afterwards  to  fall 
a  victim  to  a  patient  on  whom  he  is  said  to  have  performed 

an  operation  for  varicocele.  Delpech  had  proposed  and 

earned  out  in  1816,  and  again  in  1823,  section  of  the  tendo 

Achillis  for  the  cure  of  club-foot.  He  even  approached 
Delpech  with  a  view  of  having  the  operation  carried  out  in 

his  own  case.  The  great  French  surgeon  advised  him  to  have 

nothing  done — for  several  reasons,  the  chief  being  the  risk  of 
suppurati(m  and  sepsis.  Thus  as  a  student  Little  had  his 

attention  drawn  to  the  possil^ilities  of  tenotomy,  ^^'e  see 
from  his  interest  in  the  medical  literature  of  foreiun  countries 

that  Little  was  not  a  student  of  the  ordinary  kind,  and  we 

have  further  evidence  of  his  eager  search  for  knowledge  when,  in 

his  twenty-second  year,  having  passed  through  the  curriculum 

of  his  own  hospital,  he  went  to  study  in  the  post-mortem  room 

at  Guy"'s  Hospital,  under  Thomas  Hodgkin — one  of  the 
most  outstanding  of  medical  men  then  in  England— and  to 
University  College  to  study  comparative  anatomy  under  Dr. 

Robert  Grant.  In  1832,  being  then  a  young  man  of  22, 

and  a  member  of  the  Royal  College  of  Surgeons,  he  fixed  his 

plate  to  a  door  in  Billiter  Street  and  set  out  to  build  up  a 

practice  in  the  City  of  London.  The  teaching  of  compara- 
tive anatomy  was  then  finding  favour  in  the  medical  schools 

attached  to  the  hospitals  of  London,  and  Little  became 

attached  to  his  old  hospital,  the  "  London,"  as  lecturer  on 
this  subject — a  source  of  honour  rather  than  of  income. 

When    he   put    up    his   plate    in    Billiter    Street,     Little's 
ambition  was  to  become  a  member  of  the  surgical  staff  of  his 
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hospital  and  to  devote  himself  to  the  practice  of  surgery — not 
of  any  particular  branch,  for  specialism  in  surgery  was  then 

unknown.  Two  years  of  waiting  saw  his  ambition  wrecked. 

There  was  then  a  vacancy  in  the  surgical  staff,  but  his  claims 

were  passed  over,  and  hence  he  had  to  change  his  plan  of  life. 

It  is  that  change  of  plan  which  brings  him  into  the  history  of 

orthopaedic  surgery.  He  resolved,  as  was  not  unusual  with 
men  so  circumstanced,  to  become  a  licentiate  of  the  College 

of  Physicians  of  London  and  devote  himself  to  pure  Medicine. 
To  become  a  licentiate  it  was  necessary  for  him  to  spend 

two  years  at  a  University.  He  chose  Berlin.  He  was  drawn 

thither  by  the  great  and  growing  fame  of  Johannes  MliUer. 

In  1834  we  see  this  lame  and  somewhat  sensitive  English- 
man set  out  for  Berlin,  armed  with  a  letter  of  introduction  to 

Midler  from  Grant  of  University  College,  and  supported  by  the 
status  accorded  to  him  because  of  his  office  of  lecturer  in 

Comparative  Anatomy  at  the  London  Hospital.  When 

Little  entered  Miiller's  laboratory,  he  found  there  Schwann, 
llenle,  Remak,  and  the  other  young  men  who,  a  few  years 

later,  were  to  reveal  the  cellular  constitution  of  living  matter. 

He  had  .stepped  into  the  centre  of  the  most  productive  and 

progressive  medical  movement  then  in  Europe.  Little  had 

every  opportunity  given  him  in  Muller''s  laboratory  of  con- tinuino;  his  dissections  of  deformed  feet.  The  condition  revealed 

by  his  dissections  supported  the  conclusions  he  had  drawn 

from  his  investigations  in  England,  namely,  that  surgeons 

were  in  error  in  believing  club-foot  was  a  result  of  an  inherent 
defect  in.  the  growth  of  the  bones  of  the  foot.  Little  realised 

that  the  cause  of  the  deformity  lay  in  the  soft  parts — 
particularly  in  a  disordered  action  of  the  muscles.  With  that 
conclusion  Miiller  agreed.  He  also  concurred  with  Little 

in  regarding  the  condition  as  one  which  should  be  amenable 
to  sur<£ical  treatment. 

liefore  leavinj;  Eniiland,  Little  had  read  of  a  vouna 

surgeon  at  Hanover,  Stromeyer  by  name,  who  had  modified 

Delpech's  operation  and  was  cutting  the  tendo  Achillis  for 
the  rectification  of  club-foot.  Midler  agreed  with  Little,  in 
face  of  an  opposite  opinion  expressed  by  surgeons  in  England, 



THE  INTRODUCTION  OF  TENOTOMY 

67 

France,  and  Germany,  that  such  an  operation  had  a  rational 

basis.  Hence  we  find  Little,  in  the  summer  of  the  second  yeai 

of  his  study  in  Berlin,  and  the  twenty-sixth  year  of  his  age, 
visiting  Stronieyer  in  Hanover,  to  see  with  his  own  eyes  how 
far  such  a  condition  as  he  himself  suffered  from  could  be  re- 

lieved by  the  practice  of  cutting  tendons. 

George  Frederick  Louis  Stromeyer, 
BOKN  1804  ;  Died  1876. 

In  1831,  at  the  age  of  27,  he  introduced  the  method  of  subcutaneous  operations 

to  surgery  and  apphed  them  in  the  treatment  of  deformities.  By  1836  he  had 

operated  on  350  cases  of  club-foot,  200  cases  of  strabismus,  and  120  cases  of  wry-neck. 

In  1838,  while  still  at  Hanover,  he  published  his  Beitrdgefur  Operativen  Orthopadik. 
He  was  called  to  fill  the  chair  of  Surgery  in  several  German  universities  before  he 

finally  settled  as  Professor  of  Surgery  in  the  University  of  Keil.  In  1854  he  retired 

from  that  chair,  and  was  succeeded  by  his  son-in-law,  Esmarch.  He  was  a  popular 
figure  at  medical  meetings  in  England,  and  had  a  particularly  warm  reception  during 
his  final  visit  in  1872. 

Louis  Stromeyer  was  only  six  years  Little's  senior ;  he 
was  born  in  Hanover  in  1804,  the  son  of  a  surgeon  of  that 

town  who  had  strong  leanings  towards  the  art  as  practised  in 
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England,  and  hence,  when  I^ouis  finished  his  medical  curricu- 
lum, his  father  recommended  a  sojourn  in  London  to  watch 

the  practice  of  English  surgeons.  After  spending  almost  a 

year  in  England,  young  Stromeyer  commenced  practice  in 
his  native  town  in  1828.  We  must  look  into  his  career 

during  the  eight  years  which  elapsed  between  the  time  he 

began  practice  and  the  summer  of  1836,  when  Little  occupied 
a  bed  in  his  modest  private  hospital.  It  is  worth  our  pains, 

for  we  shall  see  from  how  small  a  beginning  a  new  movement 

will  arise  and  spread  to  the  utmost  limits  of  the  surgical 

world.  From  the  outset  of  his  practice  Stromeyer  applied 

himself  to  the  treatment  of  physical  disabilites  and  deformities. 

He  fitted  out  a  small  private  hospital,  but  found  the  establish- 
ment of  the  kind  of  practice  he  desired  an  uphill  task.  In 

1831,  when  he  was  in  his  twenty-seventh  year,  the  opportunity 
came,  and  he  took  it.  The  son  of  a  local  schoolmaster,  a  boy 

of  14,  was  the  subject  of  club-foot — intractible,  painful,  the 
despair  of  his  relatives  and  medical  attendants.  Stromeyer 

gave  the  lad  a  bed  in  his  hospital,  and  settled  down  to  devote 

eighteen  months  of  unremitting  attention  and  care  to  his  case. 

Asa  last  resort,  he  cut  the  tendo  Achillis  by  a  new — a  sub- 
cutaneous— method  ;  he  found  that  the  foot  could  then  be  flexed 

(dorsi-flexed),  and  that  the  cut  ends  of  the  tendon  separated 

for  three-quarters  of  an  inch.  The  gap  evidently  frightened 

him  somewhat ;  at  least  he  again  extended  (plantar-flexed) 
the  foot  until  the  ends  were  in  apposition,  before  he  fixed  it 

in  a  splint.  At  the  end  of  six  days  he  found  on  bending  the 
foot  that  the  cut  ends  of  the  tendon  did  not  separate,  but 

were  so  far  united  that  they  moved  together.  He  gradually 

dorsi-flexed  the  foot,  with  the  object  of  stretching  the  scar  in 

the  tendon.  After  practising  these  movements  for  a  period  of 

eight  weeks,  the  heel  was  brought  down  to  its  proper  level, 
and  all  trace  of  the  equinus  deformity  removed.  Stromeyer 

ascribed  his  success,  not  to  the  eighteen  months  of  unremitting 

attention  he  had  given  to  the  case,  but  to  the  operation  he 

had  thus  introduced  into  surgery.  His  was  a  mind  which 

glowed  with  the  enthusiasm  of  the  missionary  and  philan- 
thropist.      In    his    eyesjithe    numerous    cases    of    missliapen 
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bodies  and  of  deformed  limbs  which  were  to  be  seen  on  the 

streets  of  all  great  cities  were  a  reproach  to  surgeons ;  they 

proclaimed  the  incompetency  of  their  vaunted  art.  Tenotomy, 

he  believed,  would  bring  hope  and  healing  to  a  neglected 

class  of  unfortunates  and  remove  a  slur  from  the  practice  of 

surgery.  At  the  lowest  estimate,  tenotomy,  he  declared, 

reduced  the  time  necessary  for  the  cure  of  club-foot  from 

months  to  weeks.  One  great  truth  he  clearly  recognised — one 

which  has  still  to  be  insisted  on — that  the  theory  of  con- 
genitalism,  which  had  been  so  consistently  applied  to  explain 
the  existence  of  a  certain  class  of  deformities,  was  a  hindrance 

and  curse  to  surgical  progress  ;  "  congenital  "  was  a  shibboleth 
used  to  cover  ignorance,  and  when  applied  to  club-foot  pre- 

vented surgeons  from  taking  the  first  step  essential  for  successful 

treatment — namely,  an  inquiry  into  the  origin  and  nature  of 
the  condition.  Nature,  he  said,  could  not  cure  club-foot ;  all 
its  efforts  could  only  make  the  condition  worse.  Heat  and 

rubbing,  he  found,  were  useless  in  mending  spastic  or  con- 
tracted muscles.  He  came  to  the  conclusion  that  deformities 

were  primarily  due  to  disordered  muscular  action.  To  cut  the 

tendon  of  a  spastic  or  contracted  muscle  was  therefore  a 

rational  means  of  treatment — the  operation  at  once  threw  the 
disordered  agent  out  of  work, 

Stromeyer  was  also  impressed  by  the  discoveries  of 

Charles  Bell.  In  18J36,  the  year  in  -wliich  Little  came  under 
his  care,  Stromeyer  published  a  paper  on  lateral  curvature 

of  the  spine,  ascribing  the  deformity  to  a  disordered  action 

of  the  nuiscles  of  inspii-ation.  Section  of  a  tendon,  he 
believed,  not  only  relieved  the  tension  of  a  muscle,  but  also, 
as  Huuter  had  concluded,  altered  its  functional  behaviour. 

When  a  tendon  of  a  spastically  contracted  muscle  was 

cut,  he  observed  that  it  passed  into  a  condition  of  rest. 

Tenotomy  he  regarded  as  a  means  of  giving  rest  to  an 

inHamed  joint.  He  saw  how  tenotomy  could  be  profitably 

applied  to  defects  and  deforn)ities  of  many  regions  of  the 

body  ;  he  noted  that  squint  was  due  to  a  disordered  action  of 

the  ocular  nuiscles,  and  inti'oduced  tenotomy  as  a  ciu'e  for 
strabismus.     Tenotomy  was  not  only  a  cure  for  deformities  ; 
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it  gave  the  surgeon  an  opportunity  of  directly  affecting 

the  disordei'ed  actions  of  muscles.  Flat-foot,  however,  he 
regarded  as  primarily  due  to  a  weakness  of  the  plantar  and 
tarsal  ligaments  combined  with  a  state  of  contraction  in  the 

muscles  situated  in  the  calf  of  the  leg.  He  noted,  in  those 

who  became  the  subject  of  this  grave  disability,  that  the  feet 

and  legs  were  cold,  with  a  tendency  to  sweat  and  often 

marked  by  a  deficient  circulation. 
Such  was  the  condition  of  matters  when  Little  entered 

the  modest  orthopaedic  hospital  at  Hanover  in  the  July  of 

1836.  There  he  had  his  club-foot  rectified.  In  Stromeyer's 
notes  we  find  him  described  as  a  heavily  built  man,  walking 
on  the  outer  side  of  his  deformed  foot.  The  results  of  the 

operation  and  of  the  after-treatment  were  highly  satisfactory. 
When  recovered.  Little  stayed  on  at  Hanover,  and  was  given 

numerous  opportunities  of  perfecting  himself  in  the  technique 

of  the  new  operation ;  he  returned  to  Berlin  cured  and 
convinced  that  a  new  era  had  dawned  for  the  deformed. 

He  showed  himself  to  INIiiller  and  to  Miiller's  colleague, 
Dieffenbach,  the  surgeon  ;  they  were  amazed  at  the  success  of 

the  Stromeverian  methods.  Dieffenbach  put  them  in  practice 

almost  inmiediately ;  in  the  course  of  a  little  more  than  a 

year,  he  had  operated  on  140  cases  of  club-foot.  Dieff'en- 
bach's  method  differed  in  one  important  respect  from  that 
used  by  Stromeyer.  The  latter,  we  have  seen,  first  per- 

formed tenotomy,  and  then  stage  by  stage  and  week  by 

week  rectified  the  deformity  by  manipulation.  Dieffenbach, 

on  the  other  hand,  performed  tenotomy  and  rectification 

at  the  same  sitting.  Dieffenbach  was  the  adxocate  of  force, 

Stromeyer  of  persuasion.  In  liis  practice,  Little  was  a  follower 

of  Stromeyer. 

Little,  having  read  his  thesis  for  tlie  Doctorate  of  Berlin 

University,  on  "The  Nature  and  Treatment  of  Club-foot," 
the  first  account  published  of  the  results  obtained  l)v  the 
Stromeyerian  method,  returned  to  London  early  in  1M37 

and  at  once  settled  down  again  to  practice  in  the  City — his 
attention  being  directed  in  ])articular  to  the  treatment  of 

cases    of    club-foot.     On    JiOth    February    of    that    year,    he 
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performed  the  first  operation  in  England  ̂   for  the  relief  of 
club-foot  by  section  of  tendons.  Not  only  did  he  cut  the 
tendo  Achillis,  as  Stronieyer  had  done,  but  also  the  tendons 

of  the  tibialis  posticus  and  flexor  longus  hallucis,  because  in 
his  dissections  of  club-foot  he  had  observed  that  much  of  the 

deformity  was  due  to  their  state  of  over-contraction.  His 
enthusiasm  compelled  the  attention  of  his  British  colleagues ; 

some  were  interested,  others  were  sceptical,  many  were  actively 

opposed  to  the  new  measure.  Although  of  a  retiring,  modest 

nature,  he  pro\ed  to  be  the  right  man  to  lead  a  crusade.     In 

1838,  with  the  help  of  relatives  and  friends,  he  succeeded  in 

establishing  the  Orthopaedic  Institution — afterwards  the  Royal 

Orthopaedic  Hospital — ^the  first  of  our  British  public  charities 

for  the  relief  of  the  maimed  and  deformed  poor.-  Into  the 
labours  of  that  institution  he  threw  his  full  strength.  In 

1839  he  published  a  treatise  on  The  Nature  of  Club-foot  and 

Analogous  Distortions — dedicating  the  work  to  Sir  Astley 

Cooper.  He  gave  courses  of  lectures  to  students  on  ortho- 
prcdic  treatment  of  deformities ;  he  published  the  course  he 

gave  in  1843-4-4!  under  the  title  of  The  Nature  and  Treatment 

of' the  Deformities  of  the  Ihanan  Frame. 
There  can  be  no  doubt  that  Little  was  the  pioneer  of 

orthopjedic  sm'gery  in  England.  He  regarded  subcutaneous 
tenotomy  as  a  great  discovery — a  surgical  revolution.  If  iu 
this  he  was  too  sanguine,  he  at  least  focused  attention  on 

the  treatment  of  deformities,  and  particularly  on  muscles  and 
tendons.  We  have  evidence  that  his  influence  and  labours 

made  themselves    felt    both   in  London   and  Edinburgh.     In 

1839,  James  Paget,  then  a  young  man  of  25,  waiting  at  St. 

Bartholomew''s  Hospital  for  an  appointment  on  the  staff",  was 
moved  to  investigate  the  repair  and  blood  su[)ply  of  tendons. 

He  found  that  tendons  were  provided  with  a  double  supply 

'  He  believed  it  was  the  first,  until  some  time  afterwards,  wlien  he 
discovered  that  Mr.  Whipple,  a  surgeon  at  Plymouth,  had  employed 
tenotomy  in  the  previous  year  (1836). 

*  It  was  at  this  hospital,  in  1865,  that  his  third  son,  Louis  Stromeyer 
Little  performed  subcutaneous  osteotomy  for  the  correction  of  knock-knee 
— the  first  operation  of  its  kind  done  in  England.  His  son,  Dr.  E. 
Muirhead  Little,  is  now  senior  surgeon  to  the  Royal  Orlhopa;dic  Hospital. 
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(1)  from  the  arteries  of  the  muscle;  (2)  from  the  arteries  of 
their  sheath.  If  a  tendon  were  cut,  he  observed  that  both  of 

these  supplies  took  part  in  furnishing  the  "  callus "  of  repair 
with  nourishment.  In  Edinburgh,  Syme  also  began  to  practise 

the  operation  of  tenotomy.  He  cut  tendons  in  deformed  feet, 

forcibly  rectified  the  deformity,  and  almost  immediately  turned 

patients  out  of  hospital  to  let  Nature  complete  the  cure ;  we 

know  now  that  in  such  cases  she  performs  her  part  very  ill. 

In  Little,  as  in  Stromeyer,  and  particularly  so  in  the  case  of 

Thomas,  we  find  a  clear  recognition  that  the  essential  part  of 

the  cure  is  not  the  cuttin<i  but  the  after-care  of  the  case. 

Little's  desire   to   serve  the  cause   of  orthopaedic  surgery 
was  restrained  by  the  fact  that  his  real  aim  in  life  was  to 

become  a  physician.     We  have  seen  that  he  went  to  Berlin 

with    a    view    of    becomino;    a    licentiate    of    the    College    of 

Physicians,  and    of   devoting  his    life    to   Medicine.     On  his 

return   to  England    he    became   a  licentiate    of   the   College, 

and  in  1840  was  appointed  assistant  physician  to  the  London 

Hospital,  and  at  a  later    date  was   appointed    full  physician 

and    lecturer    on   Medicine  in    the    College    attached    to    the 

Hospital.       We    can    well    understand    tliat    the    College    of 

Physicians  could  not  look  upon  his  surgical  endeavours  with 

a  favourable  eye  when  considering  the  election  of  its  Fellows, 

and  hence  it  came  about  that  Little  saw  young  men  pass  liini 

by  while  he  had  to  wait  on  the  door-step  of  his  college ;  he 
was  a  man  of  67  before  he  was  made  a  Fellow.      His  interest 

in  deformities,  however,  had  its  compensations;  it  drew  him 
into  the  study  of  the  disordered  action  of  muscles,  and  led  to 

his  recognition  and  description  of  that  curious  form  of  infantile 

spastic  paralysis  known  as  Little's  Disease.     His  belief  in  the 
efKcacy    of   tenotomy    ultimately  waned;    he    came    to    think 

that  a  nuiscle  which   had   been  stretched   without  a  j)revious 
tenotomy  recovered  better  than  one  which  had  been  stretched 

after  its  tendon  had  been  cut.      \Ve  find  him  in  187G,  when 

he  gave  an   address    in   Edinburgh,  towju-ds   the   end   of  his     • 
professional    life,  using    expressions  wliich    show  us    that    his 

early  enthusiasm  for  tenotomy  had  become  tempered  by  an 

experience  of  forty   years.      He  then  realised   that    tenotomy 
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might  be  a  curse  as  well  as  a  benefit.  Tenotomy  applied  as 
the  sole  measure  for  the  treatment  of  deformities  is  certain  to 

yield  disastrous  results.  He  came  to  the  final  conclusion,  the 
same  conclusion  as  we  have  seen  H.  O.  Thomas  came  to,  that 

it  was  the  continuous  care  of  the  surgeon,  the  nursing  and 

coaxing  of  the  parts  day  by  day,  with  an  infinite  expenditure 

of  patience,  which  gave  restoration  of  shape  and  function  to 

deformed  parts.  In  1884,  ̂ Villiam  John  Little  withdrew  from 

active  practice  to  live  a  quiet  and  retired  life  at  West  Mailing, 

Kent,  where  he  died  in  1894.  Although  a  physician,  he  was 

also  the  pioneer  of  orthopaedic  surgery  in  Britain.  He  did 
more  than  anyone  of  his  time  to  rescue  the  maimed  and 

deformed  from  the  hands  of  a  class  of  practitioners  who,  if 

some  were  skilled,  most  were  ignorant  and  unscrupulous. 

Stromeyer's  career  had  come  to  an  end  long  before ;  he  died 
in  1878,  at  the  age  of  74. 

To  ascertain  the  principles  which  guided  the  practice  of 

the  men  who  followed  in  the  orthopadic  movement  started  in 

England  by  Little,  we  shall  follow  the  career  of  William 
Adams.  When  Little  returned  from  Berlin  in  1837,  Adams, 

a  lad  of  17,  had  just  ])een  apprenticed  to  his  father,  a  surgeon 

in  Finsbury  Square,  in  the  City  of  London.  He  joined 

St.  Thomas''s  Hospital  as  a  student,  working  under  Hodgkin 
and  Green,  and  after  a  course  of  four  years  became  a  member 

of  the  Royal  College  of  Surgeons,  England,  in  1842.  Yiy  that 

time  the  orthop;edic  movement  started  by  Little  was  well 

afoot.  At  Hod<>kin''s  sugfjestion  Adams  became  curator  of 

the  Museum  at  St.  Tliomas''s  Hospital,  and  worked  there  at 

pathology,  waiting  for  an  aj)p()iiitment  on  the  stall',  and 
trying,  wiiilc  he  waited,  to  build  up  a  practice  in  the  City. 

Ill  1<S.51,  being  then  31  yeai's  of  age,  and  seeing  no  hope  of 
an  appointment  to  his  own  hospital,  he  sought  and  obtained 

a  place  on  the  staff  of  the  orthopa'dic  hospital  founded  by 
Little.  \Ve  can  see  by  the  way  he  then  set  to  work  that  he 

knew  how  scientific  surgery  should  be  built  uj).  There  were 

still  uncertainties  as  to  the  exact  manner  in  which  rej)air  was 
effected  after  a  tendon  is  cut,  Adams  carried  out  a  series  of 

experiments  on   sixteen   rabbits,  cutting  the  tendo  Achillis, 
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and  studying  closely  each  stage  in  the  process  of  repair.  His 

description  of  tlie  "  nucleated  blastema  " — a  phrase  which  shows 
us  that  the  period  of  the  microscope  had  dawned — need  not 
detain  us,  nor  need  we  linger  over  his  insistence  on  the  part 

taken  by  the  sheath  or  peritendineum  in  supplying  the 

material  needed  to  make  good  the  gap  in  a  cut  tendon.  If 

time  permitted,  it  would  repay  us  to  review  the  results  of  his 

dissections  of  deformed  feet  in  which  the  operation  of  tenotomy 

had  been  carried  out  at  varying  periods  before  death  had 

occurred  from  some  accidental  cause.  His  descriptions  of  the 

condition  of  the  parts  to  be  seen  in  the  dissections  of  deformed 
feet  are  still  the  best  to  be  found  in  our  libraries.  In  one 

case  of  tenotomy  of  the  tendo  Achillis,  he  demonstrated 

that  2^  inches  of  new  tendinous  material  had  become  inserted 

in  the  course  of  repair ;  in  another  foot,  where  the  tibialis 

posticus  had  been  cut  within  its  synovial  sheath  behind  the 

malleolus,  he  observed  that  repair  had  failed  and  at  the  point 
of  section — behind  the  internal  malleolus — the  tendon  had 

become  adherent  to  the  bone.  He  noted  that  in  every 

case  of  tenotomy  the  tendon  became  adherent  to  its  sheath  at 

the  point  of  section,  the  bond  being  widest  and  firmest  on  the 

deep  aspect  of  the  tendon.  Adams  availed  himself  of  every 

opportunity  to  look  beneath  the  surface  and  obtain  an  accurate 

knowledge  of  the  condition  of  the  deep  parts — bones,  joints, 
ligaments,  and  muscles,  which  had  to  be  dealt  with  in  the 

rectification  of  deformities.  He  investigated  particularly  the 

condition  revealed  by  the  dissection  of  club-foot,  and  in 
18G4  was  awarded  the  Jacksonian  Prize  of  the  Royal  College 

of  Surgeons  for  his  dissections  and  investigations. 

In  the  JNIuseum  of  the  College  we  may  still  study  the 

club-feet  which  he  made  the  subject  of  his  well-known  treatise. 
^Vhen,  liowever,  we  seek  for  a  deeper  knowledge  of  the  cause 

and  prevention  of  deformities,  and  of  the  behaviour  and 

action  of  muscles  and  of  nerves,  we  shall  search  Adams's  publi- 
cations in  vain.  He  failed  to  realize,  as  was  the  case  witii  so 

many  of  his  contemporaries,  that  physiology  has  a  direct 
bearing;  on  surjjerv.  With  Stromever  and  Eittle,  he  believed 

that  deformities  should  be  slowly  reduced  after  the  necessary 
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tenotomies  had  been  performed,  and  that  rectification  had  to 

be  effected  by  tlie  application  of  rigid  machines.  But  he 

differed  from  Little  and  agreed  with  Dieff'enbach  in  believing 
that,  in  congenital  cases  of  club-foot,  treatment  could  not  be 
commenced  too  early.  Little  preferred  to  wait  until  the  child 

was  old  enough  to  learn  to  walk. 

In  1871  he  introduced  a  subcutaneous  operation  for  the 

relief  of  anchylosis  of  the  hip-joint.  We  see  in  that  operation 
the  application  of  the  subcutaneous  method  to  osteotomy. 

He  there  applied  to  the  hip-joint  a  method  which  had  sprung 
out  of  the  practice  introduced  by  Stromeyer  for  section  of 
tendons.  Subcutaneous  osteotomy,  however,  had  been  practised 

in  Germany  long  before  the  date  at  which  Adams  applied 

this  method  to  the  hip-joint.  Adams  was  a  kind  and  pleasant 
man  and,  like  his  contemporary  Little,  lived  to  an  old  age, 

dying  in  1900  at  the  age  of  80.  Both  had  made  a  reputa- 

tion as  orthopaedic  surgeons  before  Thomas's  sun  had  risen. 
Indeed,  in  the  year  1857,  when  Thomas  was  spending  his  final 

year  of  study  at  University  College.  London,  Adams  published 

his  work  on  the  Principles  and  Practice  of  Siibciitancoiis 

Surgerij. 

The  Laic  of  Li^-ameitf. — When  we  examine  the  principles 
and  practice  of  Stromeyer,  Little,  and  Adams,  all  of  them 

pioneers  in  orthopa'dic  surgery,  w'e  are  struck  by  the  import- 
ance they  attach  to  ligaments  in  the  production  and  treatment 

of  deformity  ;  ligaments  seemed  to  them  almost  as  important 

as  muscles.  Even  at  the  present  time  the  essential  function 

of  ligaments  is  often  misunderstood,  and  so  long  as  this  is  the 

case  we  cannot  hope  to  effect  an  object  which  is  (juite  as 

important  as  the  rectification  of  deformities — namely,  their 

prevention.  Hunter's  teaching  as  regards  the  respective 
functions  of  nmscles  and  ligaments  in  the  mechanism  of  the 

human  body  is  very  definite.  Muscle  is  the  only  form  of 

living  tissue  which  can  be  aj)plied  for  the  contimied  support 

of  parts  without  undergoing  a  passive  stretching  or  elongation. 

A  ligament  cannot  perform  such  a  function  because  it  is 

composed  of  living  cells  possessing  no  power  of  contraction, 

no  power  to  shorten  as  their  load  increases,  such  as   nuiscles 
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are  endowed  with.  When  the  living  cells  and  fibres  of  a 

ligament  are  subjected  to  a  continued  burden  they  invariably 

elongate.  Hence  Nature  never  uses  ligaments  either  for  the 

purpose  of  passive  support  or  of  active  maintenance  of  parts 

in  position ;  she  uses  them  only  as  safeguards — as  the  means 
of  limiting  the  movements  of  joints.  They  come  into  play 

chiefly  when  the  muscles  which  guard  and  surround  a  joint 

are  forced  beyond  the  compass  of  their  normal  stretch.  Liga- 
ments come  into  action  only  when  the  normal  muscular  support 

and  defence  of  a  joint  has  broken  down. 

This  law  can  be  best  illustrated  at  the  shoulder-joint. 
When  the  shoulder  muscles  are  paralysed,  or  when  they  are 

thrown  out  of  action  by  deep  anaesthesia,  the  head  of  the 

humerus  drops  away  from  the  glenoid  cavity  under  the  weight 

of  the  arm  ;  the  shoulder-joint  can  then  be  moved  far  beyond 
its  normal  radius  of  action.  The  ligaments  thus  become  the 

sole  agents  by  which  movements  are  limited  and  checked.  If 

extreme  movements  are  continued  the  ligaments  will  become 

stretched.  Or  if  in  the  dissecting  room  we  strip  the  muscles 

from  the  shoulder  and  leave  the  liumerus  attached  merely  by 

its  ligaments,  we  can  see  then  that  in  all  normal  movements 

they  never  become  taut  initil  the  usual  limits  are  exceeded. 

The  real  ligaments  of  the  shoulder-joint,  as  of  every  other 
joint  in  the  body,  are  the  active  defensive  contractile  muscles. 

Now  man"'s  upright  position  has  made  him  more  dependent 
on  the  ligamentous  function  of  nuiscle  than  any  other  animal. 

His  shoulders,  when  he  stands  or  sits,  have  to  be  steadily 

supj)oite(l  by  muscles;  in  the  u))right  ])osition  every  one  of 

the  twenty-four  vertebra*  of  his  back-bone  has  to  be  kept  con- 
tinuously balanced  one  upon  the  other ;  the  contents  of  his 

abdomen  have  to  be  constantly  supported  and  braced  by  the 
contraction  of  the  muscles  of  the  abdominal  wall  and  thus 

prevented  from  prolapse  towards  the  pelvis.  Ligaments  are 

useless  for  such  purposes  ;  Nature  never  employs  them  for  such 

ends,  because  under  conditions  of  tliis  kind  they  must  stretch. 

We  see  the  same  principle  applied  in  the  maintenance  of  the 
joints  of  the  lower  extremities.  We  cannot  stand  without 

the  muscular  braces  of  our  hip,  knee,  and  ankle  joints  coming 
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into  continuous  action.  At  the  hip-joint  it  is  true  that,  when 
the  joint  is  fully  extended,  the  action  of  the  flexor  muscles 

is  braced  by  the  strength  of  the  great  capsular  ligament, 

but,  however  taut  that  ligament  may  be,  the  ilio-psoas  muscle 
can  also  be  felt  in  action.  At  the  knee,  ligaments  limit  and 

control  the  articular  surfaces  at  all  stages  of  movement,  but 

at  no  stage  are  the  ligaments  left  without  the  active  support 

of  muscular  action.  It  is  easy  to  demonstrate  that  the  main- 
tenance of  the  plantar  arch  owes  nothing  to  ligaments ;  that 

can  be  demonstrated  in  the  living  foot  and  leg,  and  also  in 

the  dissected  parts.  It  is  quite  clear  that  ligaments  are 

passive  parts ;  their  elongation  is  not  a  cause,  but  a  conse- 
quence of  the  deformity.  In  short,  in  all  static  deformities 

of  the  human  body  the  cause  has  to  be  sought  for,  not  in 

ligamentous  changes,  but  in  the  disordered  action  of  the 

muscles,  and  we  shall  never  succeed  in  preventing  or  mending 
static  deformities  until  the  truth  of  this  law  of  the  function 

of  ligaments  is  clearly  realised.  That  will  become  very 

apparent  when  we  come  to  examine  the  conditions  under 
which  static  deformities  of  the  body  arise. 



Marshall  Hall, 

Born  1790  ;  Died  1857,  aged  67. 

From  a  photograph  taken  about  1850,  when  he  was  60  years  of  age. 

CHAPTER  V 

MARSHALL  HALL    AND    THE    liEAIUNG    OF    HIS 

DISCOVEHIES   ON   ORTHOPAEDIC   PRACTICE 

Marshall  Hall  was  born  at  Basford,  near  Nottingham,  i8th  February 

1790,  and  died,  when  he  had  retired  from  London  to  Brighton,  on  i  ith  August 

1857.  He  was  thus  senior  to  W.  J.  Little  by  twenty  j-ears.  His  pro- 
fessional life  may  be  divided  into  the  following  four  stages  : — 

(1)  From    1805,    when,    at    the    age   of    15,    he    was    apprenticed    to    a 
chemist  in  Newark,  until  181 7,  when,  at  the  age  of  27, 
he  finally  settled  to  medical  practice  in  Nottingham.  Of  the 
twelve  years  included  in  this  period,  four  were  given  lo  his 

apprenticeship,  five  ( 1809- 1  Si 4)  to  medical  study  and  clinical  work 
in  the  University  of  Edinburgh,  where  he  had  a  brilliant  career, 

and  three  years  to  settling  down  to  practice  ;  his  first  choice — 
Bridgwater — failing  to  satisfy  his  ambition. 

(2)  A  Nottingham   stage — from    1817  to   1826.     In  the  latter  year  he 

78 
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suddenly  set  out  for  London,  aged  36.  This  stage  is 
marked  by  activity  in  publication,  in  experiment,  and  in 
practice.  His  clinical  observations  were  chiefly  directed  towards 

the  elucidation  of  problems  relating  to  certain  diseases  peculiar 
to  women. 

(3)  An   earlier  London   stage  extending   from   1826,  when  he  settled  to 

practice  and  experiment  at  17  Keppel  Street,  Bloomsbury,  until 

the  publication  of  his  discover}-  of  the  "Reflex  Function  of  the 

Medulla   Oblongata  and  Medulla  Spinalis"  in  1833. 
(4)  A  later  London  stage — from  1833   to    1S57,  a  period  of  twenty-four 

years — chieflj^  occupied  with  the  application  of  his  scientific  dis- 
coveries to  clinical  conditions.^ 

THE  men  whose  orthopfiedic  practice  we  have  followed 
hitherto  (Hunter,  Hilton,  Thomas,  Stromeyer,  Little, 

and  Adams)  fixed  their  attention  on  the  external  parts — on 
the  muscles,  bones,  and  joints.  They  were  well  aware  that 

deformities  were  produced  by  a  disordered  action  of  the  muscles, 

but  of  the  nature  of  that  disorder  they  had  no  clear  conception, 

because  they  had  a  very  imperfect  picture  of  the  elaborate 

machinery  of  nerve  cells  and  nerve  fibres  which  controls  and 

co-ordinates  the  workings  of  the  muscular  system.  In  the 

minds  of  all  of  them — even  of  the  later  members  of  the  group 

— the  spinal  cord  was  little  more  than  a  mere  cable  of  nerve 
strands  linking  the  brain  to  the  body.  Erom  1811,  when 

Hilton  was  still  a  boy  at  school  in  Castle  Hedingham,  until 

the  autumn  of  1832,  when  Marshall  Hall  thrust  his  theory 

of  reflex  action  on  the  jealous  and  sceptical  medical  public  of 

London,  Charles  Bell  had  been  teaching  in  London  his  "  New 

Idea  of  the  Anatomy  of  the  Rrain."  Bell  had  shown  that 
every  muscle  was  su{)plied  with  two  sets  of  nerve  fibres — the 
one  to  link  the  brain  to  the  muscles,  and  the  other  the 

muscles  to  the  brain.  He  was  the  first  to  explain  the  form 

and  arrangements  of  the  par^s  of  the  central  nervous  s3'stem 
on  a  physiological  basis ;  the  anterior  parts  of  the  spinal  cord 

he  regarded  as  devoted  to  the  transmission  of  messages  sent 

out  by  the  brain  to  the  body,  while  its  posterior  parts  were 

concerned  with  messages  passing  towards  the  brain  from  the 

'  For  a  fuller  account  of  Marshall  Hall's  life  the  reader  is  referred  to 
Memoirs  of  Marshall  Hall,  by  his  widow  (London,  1861)  ;  and  for  the  best 

account  of  his  researches  on  the  nervous  system  to  the  Ne7v  Memoir  (1843). 
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body.  In  short,  Charles  Bell  conceived  that  all  the  active 

machinery  of  the  central  nervous  system  was  situated  in  the 

brain  itself  and  that  the  spinal  cord  was  a  mere  annexe  used 

for  purposes  of  transit.  It  was  Marshall  HalFs  outstanding 

service  to  demonstrate  conclusively  that  what  was  supposed 

to  be  a  mere  corridor  for  brain  messages  was  in  reality  one 

of  the  chief  workshops  of  the  human  body — a  drawn-out 
laboratory  which  was  staffed  and  stocked  with  wonderful 

mechanisms  for  reo-ulating  the  behaviour  and  action  of  muscles. 

Marshall  Hall  was  a  physician  ;  but  the  effect  of  his  discovery 

extended  far  beyond  the  realm  of  pure  Medicine  ;  it  percolated 

into  every  realm  of  biological  thought ;  it  gave  a  rational 

interpretation  to  myriads  of  clinical  and  functional  manifesta- 
tions which  medical  men  had  either  puzzled  over  in  vain,  or 

passed  by ;  it  gave  a  clue  to  correct  diagnosis  and  a  basis  for 

rational  treatment.  Above  all,  as  we  shall  proceed  to  show, 

Marshall  HalPs  discovery  is  one  of  the  first  magnitude  for 

the  orthopaedic  surgeon. 

When  Marshall  Hall  first  announced  his  discovery  at  a 

November  meeting  of  the  Zoological  Society  of  London  in 

1832,  he  was  a  man  of  42,  with  a  house  in  Manchester  Square, 

a  carriage  and  pair  and  a  consulting  practice  which  brought 

him  over  c^PSOOO  a  year.  He  had  not  been  educated  in 

London;  he  had  no  appointment  on  a  hospital  staff;  he  had 
no  social  influence.  We  want  to  see  how  this  short,  stoutish, 

plain  man,  with  a  homely,  thoughtful  countenance,  and  an 

alert,  active,  decided  stej)  and  maimer,  self-contained  and 
somewhat  self-centred,  had  elbowed  his  wav  into  the  medical 

and  scientific  centres  of  London  ;  in  particular,  we  want  to 

see  how  he  came  to  make  discoveries  which  had  a  revolutionary 

effect  on  medical  practice.  We  shall  find  that  his  early  career 

is  one  of  the  most  chequered  and  instructive  to  be  found  in 

medical  biography.  The  path  he  followed  differed  from  that 

which  guided  Hunter,  Hilton,  and  Thomas  to  their  life's  goal. 
From  the  day  he  commenced  tiie  study  of  Medicine  in  the 

University  of  Edinburgh,  he  i)ecame  the  typical,  hard-reading, 
successful  student,  verifying  and  amplifying  iiis  reading  by 
close  and    exact  observation    bv  the   bedside.     He  remained 
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a  hard  reader  and  active  writer  until  just  prior  to  the  point 

at  which  we  have  taken  up  the  thread  of  his  life,  when,  for  a 

definite  reason,  he  purposely  adopted  the  experimental  method 
of  cratherino;  knowledge,  and  at  one  bound  secured  for  himself 

a  permanent  place  in  the  history  of  Medicine. 

The  date  of  his  birth  takes  us  to  1790 — three  years  before 

Hunter's  death.  He  was  born  of  a  Saxon  Midland  stock — 
with  an  infusion  of  that  hybrid  strain  which  reached  England 

through  Normandy.  His  father  was  a  cotton  spinner  and 

bleacher  near  Nottingham,  the  first  in  England  to  use  chlorine 

for  bleaching  cotton.  His  family  were  seriously  and  con- 
scientiously minded,  religious,  interested  in  chemical  problems 

and  inventions.  His  brother  Samuel  was  a  prolific  and  noted 

inventor.  Marshall,  at  the  age  of  15,  was  apprenticed  to 

a  chemist  or  druggist  in  Newark,  but  in  1809,  four  years  later, 

we  find  him  in  the  dissecting  room  of  Edinburgh,  the  first  to 

arrive  in  the  morning  and  the  last  to  leave  at  night.  He 

opened  his  student's  career  in  Edinburgh  by  contributing  to 
Xicholson.s'  Journal  a  research  in  chemistry ;  in  his  third 
year  his  fellow-students  elected  him  President  of  the  Royal 
Medical  Society.  We  find  him  using  spare  intervals  to  master 

the  Latin  and  Erencli  tongues.  Altogether  he  spent  five 

years  in  Edinburgh,  three  as  a  student  living  on  £bo  a  year, 

allowed  to  him  by  his  father,  two  as  a  resident  in  the  Infirmary, 

where  he  was  furnished  with  board  and  £%0  a  year.  Leaving 

Edinburgh  in  1814,  in  his  twenty-fourth  year,  with  a  great 

reputation  and  the  manuscript  of  a  work  on  the  "  Diagnosis 
of  Diseases"  in  his  valise,  he  reached  London,  where  he  called 

on  Dr.  ̂ Matthew  Raillic,  John  Hunter's  nephew,  and  then  set 
out  for  Paris  in  company  with  an  invalid  gentleman.  On  his 

return,  seeing  no  prospect  of  an  opening  in  London, — a  youth- 
ful ambition, — he  settled  in  Biidgwater  in  the  year  of  W^iter- 

loo.  After  waiting  there  for  two  years  for  a  kind  of  practice 

which  never  came,  he  borrowed  ^^100  and  settled  in  Notting- 
ham, marking  his  arrival  there  in  1817  by  publishing  his 

l)ook  on  D'ut^iio.s't.s  of  D'/.scaM'-s.  A  coj)y  of  this  book, 
bestowed  on  Dr.  Matthew  liaillie,  Ijore  fruit;  the  London 

consultant  recommended  the  young  practitioner  to  the  Manners 
6 
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family,  which  opened  for  him  a  hicrative  practice  among  the 

countv  people  of  the  INIidlands.  He  settled  himself  exclusively 

to  his  studies,  books,  and  practice;  he  began  to  write  and 

publish  on  the  most  diverse  subjects — scientific,  as  well  as 
medical.  Some  of  his  papers  were  published  in  the  Journal 
of  the  Koval  Institution,  others  in  the  Medical  Press,  and 

some  in  book  form.  We  note  particularly  that  he  devoted 

much  attention  to  puerperal  conditions — as  if  it  were  his 
intention,  should  an  opportunity  present  itself,  to  specialise 

in  the  diseases  peculiar  to  women.  The  student-practitioner 

prospered  exceedingly  ;  there  was  a  quality  in  him — perha})s 
it  was  an  interest  centred  in  his  own  particular  affairs — which 
made  him  rather  an  Ishmaelite  amoniJi;  his  medical  colleagues 

of  the  county  town.  Nevertheless  in  18^5,  when  he  had  been 

in  Nottingham  for  eight  years,  he  was  appointed  physician  to 

the  hospital  there. 

On  an  August  morning  of  the  following  year,  this  success- 
ful bachelor  of  36  set  out  for  what  was  to  all  outward 

appearance  merely  a  temporary  visit  to  I^ondon  ;  but,  arriving 

there,  he  established  himself  at  No.  17  Keppel  Street,  IJlooms- 

bury,  and  gave  orders  to  have  his  home  in  Nottingham  dis- 
mantled. He  was  a  man  with  business-like  instincts  and 

understood  public  susceptibilities.  He  made  an  appearance 

abroad  in  his  carriage  and  pair;  he  counted  on  retaining  the 

medical  patronage  of  Nottingham  families,  and  in  that  he  was 

not  disappointed.  In  his  first  year  in  London  he  earned 

.i'800,  which  gradually  rose  until  it  exceeded  i'40()()  per 
annum.  In  establishing  himself  as  a  consultant  in  London 

he  was  fullilling  one  ambition,  but  there  was  another  verv 
near  his  heart ;  he  wished  to  become  a  Fellow  of  the  lloval 

Society.  We  have  seen  that  during  his  life  at  Nottingham 

he  had  devoted  himself  not  only  to  many  medical  subjects, 
but  also  to  problems  of  a  physical  nature.  When  he  came 

to  London  he  was  particularly  interested  in  the  effects  which 

followed  blood-letting,  and  saw  there  were  many  points  con- 
nected with  the  circulation  of  the  blood  which  recjuired  further 

investigation.  It  also  became  clear  to  him  that  if  he  were  to 

further  his  candidature   for  the  Koyal  Society  he   nuist  not 
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depend  on  the  experiments  pi-oduced  in  the  bodies  of  his 
patients  by  disease,  but  must  himself  eHcit  such  information 

as  he  required  by  direct  experimentation  on  animals.  Hence 

we  find  him  setting  aside  a  room  in  liis  Keppel  Street  home 

as  a  laboratory,  installing  the  most  improved  microscopes  and 

an  ample  supply  of  frogs,  newts,  salamanders,  and  turtles  to 

supply  the  living  lungs,  mesenteries,  skin,  and  webs  whicli  were 

to  give  him  an  opportunity  of  studying  directly  the  manner  in 

which  living  tissues  were  furnished  with  blood. 

His  researches  had  reached  a  point  in  1831,  bv  which  time 

he  had  married  and  taken  up  a  new  abode  and  a  new  laboratory 

at  No.  14  Manchester  Square,  when  he  thought  them  ripe  for 

publication.  His  paper  was  read  at  the  Royal  Society,  but 

was  refused  a  place  in  its  Traiisdct'ion.s  ;  yet  in  this  paper  there 
was  a  big  and  important  truth,  namely,  that  the  capillaries — 

"  methemata '"  he  called  them — were  the  essential  element  of  the 
circulatory  apparatus ;  they  w  ere  the  tissue  feeders ;  arteries 

and  veins  were  merely  necessary  adjuncts. 

It  was  in  the  course  of  these  experiments  on  the  circulation 

in  capillaries  that  he  made  a  chance  observation  which  directed 
his  attention  to  the  nature  of  the  functions  carried  on  in  the 

spinal  cord.  He  had  cut  off  the  tail  of  a  salaniandei",  and 
happening  to  touch  the  skin,  observed  that  there  was  a  (juick 

movement  in  the  amputated  tail.  That  response  would 

probably  not  have  excited  the  cuiiosity  of  a  hundred  ordinary 

observers;  it  was  just  what  they  would  have  expected  to 

happen,  and  what  Marshall  HalFs  predecessors  had  often  seen 

happen.  It  immediately  excited  his  attention  because  it  was 

taught  in  his  time  that  a  muscle  could  be  stimulated  to  action 

in  only  one  of  three  ways  :  either  Ijy  touching  or  stinudating  it 
directly,  or  by  stimulating  its  nerve,  or  by  a  volitional  stimuhis 
from  the  brain.  Now  he  knew  that  the  movement  he  had 

evoked  in  the  salamander's  tail  was  due  to  none  of  these  three 
kinds  of  stimulation ;  there  must  be  a  fourth  way  of  calling 
muscles  into  action,  and  he,  as  was  his  wont  when  he  en- 

countered exceptional  manifestations,  followed  up  the  clue.  He 

knew,  as  only  born  investigators  know,  that  the  unexplained, 
ordinary  occurrence  and  the  exceptional  case  are  the  sure  clues 
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to  discovery.  The  eye  that  interprets  the  falling  apple  always 
works  from  a  brain  that  is  fit  to  grasp  the  law  of  gravitation. 

It  was  so  with  Marshall  Hall ;  he  immediately  set  out  to  discover 

the  significance  of  the  response  he  had  elicited.  He  destroyed 

the  part  of  the  spinal  cord  which  lay  in  the  detached  tail, 

and  found,  on  touching  the  skin,  no  movement  could  then  be 

elicited  by  that  method  of  stimulation.  He  thus  was  led  to 

suspect  that  in  the  spinal  cord  there  resides  a  power,  centre, 
or  mechanism,  for  the  production  of  such  movements  as  he 

had  witnessed  in  the  salamander''s  tail.  He  immediately  set 
to  work  to  see  whether  his  guess  was  right.  He  took  a  snake 

and  cut  its  spinal  cord  across,  just  behind  the  head — he  had 
thus  separated  its  brain,  the  recognised  centre  of  muscular 

machinery,  from  the  body.  The  snake  remained  perfectly 

still  until  he  touched  it,  or  a  puff*  of  wind  swept  over  it, 
or  until  the  table  was  struck  on  which  it  lay,  and  then  the 

snake  moved  and  kept  moving  until  he  wrapped  it  in  cotton 

wool  and  thus  brought  it  to  a  standstill  by  protecting  it  from 

all  external  stimuli ;  so  soon  as  it  was  brought  to  a  standstill 

and  its  skin  again  protected,  all  movements  ceased.  The  brain 

was  clearly  the  source  of  voluntary  movements,  and  the  spinal 

cord  the  seat  of  the  no  less  wonderful  manifestation,  purposeful 

and  yet  involuntary  movements.  He  had  accomplished  in  the 
decerebrate  snake  that  which  Hilton  wished  afterwards  to 

accomplish  in  a  diseased  joint.  Marshall  Hall  had  discovered 

a  physiological  method  of  giving  perfect  rest  by  the  withdrawal 
of  all  external  stimuli.  With  the  destruction  of  the  spinal 

cord  all  power  of  movement  was  destroyed.  He  then  took  a 

turtle  and  cut  oft'  its  head.  On  touching  the  nose,  which  lie 
knew  from  IJelTs  teaching  to  be  a  respiratory  area,  the  Hoor 

of  the  mouth  executed  the  respiratory  movements  which  occur 

in  one  phase  of  breathing  in  turtles,  but  when  he  destroyed 

the  medulla  oblongata,  he  could  no  longer  elicit  the  respiratory 
act.  He  concluded  that  when  the  nose  was  stimulated  by 

touch,  a  message  was  airried  to  the  medulla  by  the  fifth  nerve, 

and  in  a  centre  there  excited  another  message  which  was 

reflected  along  the  motor  nerves  controlling  the  muscles  of 
the   mouth  and    throat.     The  arc  of  nerves,  with  which  we 
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are  now  all  familiar,  found  its  first  concrete  realisation  in 

the  brain  of  Marshall  Hall ;  he  recognised  that  a  stimulus 

was  necessary  to  produce  the  reflected  or  reflex  muscular  act. 

In  his  pictured  arc  there  were  no  nerve-cells ;  a  score  of  years 
were  to  pass  before  the  microscope  revealed  their  existence  in 

the  spinal  cord  and  other  nerve  centres.  Every  part  of  the 

body  which  has  to  be  treated  by  the  orthopaedic  surgeon  is 
furnished  with  its  reflex  arcs. 

The  manner  in  which  Marshall  Hall  pursued  his  clue 

marks  him  out  as  a  born  detective  in  the  realms  of  biology. 
To  test  whether  or  not  his  system  of  arcs  really  existed,  he 

proceeded  to  expose  the  spinal  cord  of  the  headless  turtle ; 

he  touched  the  spinal  cord  with  a  needle  ;  the  limbs  were 

thrown  into  movements;  messages,  he  concluded,  must  have 

been  excited  at  the  point  touched,  and  from  there  they  had 

passed  up  and  down  the  cord  and  been  reflected  to  the  muscles 

of  the  limbs.  He  touched  the  posterior  nerve-roots  to  a  fore 
and  then  to  a  hind  limb  ;  the  limbs  were  thrown  into  move- 

ments ;  he  exposed  and  touched  nerves  of  the  trunk  ;  move- 
ments of  the  limbs  and  body  fgllowed.  He  touched  the  skin 

of  the  trunk  and  of  the  limbs,  and  with  each  prick  found  that 

the  movements  evoked  by  stimulation  of  the  skin  were  more 

vigorous  than  those  which  followed  stimulation  of  nerves,  the 

roots,  or  even  the  cord  itself;  evidently  the  skin  was  the 

chief  end-station  for  evoking  such  movements.  All  of  these 
manifestations  could  be  explained  if  it  was  assumed  that  there 

were  centres  in  the  spinal  cord,  and  that  such  centres  wei"e 
linked  to  the  body  by  reflex  nerve  arcs.  He  noted,  in  the 

headless  turtle,  that  the  sphincter  of  the  anus  retained  its 

normal  tonic  power  and  function,  but  when  he  destroyed  the 

hinder  part  of  the  spinal  cord,  all  tone  and  contra.ction 

instantly  disappeared  from  the  sphincter.  The  poicer  or 

mechanifiin  which  regulated  the  tonus  or  function  of  a  .sphincter 

xvafi  clearly  rcfsident  in  the  .spina/  cord.  On  pricking  the  head- 
less turtle  he  could  evoke  movements  in  the  limbs;  it  was 

also  clear  that  in  the  spinal  cord  there  was  resident  a 

mechanism  which  could  time  and  regulate  the  contraction 

ot  muscles.      And  lastly,  and  for  our  present  purpose,  he  made 
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a  most  important  observation — when  he  removed  the  spinal 
cord  from  the  headless  turtle  the  limbs  became  limp,  all  tone 

and  degree  of  contraction  disappeared  from  the  muscles  of 

the  limbs.  The  spinal  cord,  he  concluded,  regulated  the 

balance  which  exists  between  the  various  groups  of  muscles 

in  a  limb.  It  gave  each  muscle  its  appropriate  degree  of 

tone.  That  passive  contracture  of  muscles  which  can  work 

such  dire  deformities  in  diseased  joints  was,  on  Marshall 

HalPs  showing,  to  be  traced  to  a  disordered  function  of  the 

spinal  cord.  The  spinal  cord  regulated  the  Ijalance  of  the 

limb  nuiscles  and  determined  the  posture  of  joints. 

Marshall  Hall  was    duly  elected    a  Fellow  of  the    Royal 

Society  in  1832,  and  on  20th  June  1833  he  read  his  paper 

to  the   Society,  "  On  the    Reflex    Function    of  the    Medulla 

Oblongata  and  Medulla  Spinalis,"  in  which  he  demonstrated 
the    existence    in  these  parts  of   "a    principle    of  action  not 

hitherto    distinguished    with    sufficient    precision.""     I   do   not 
think  that  at  any  time,  either  before  or  since,  a  discovery  of 

such  wide-reachini:^  sijjnificance  has  ever  been  announced  with 

such    brevity,  clearness,  and    completeness.      We  have  to  re- 
member that  in  1833  our  knowledi^e  of  the  finer  structure  of 

the  central  nervous  system  Mas  crude  and  imperfect,  yet  he 

pictured  an  arc   system   and  grasped  the  full  bearing  of  his 

discovery  on  the  realm   of   Medicine  and   Biology.     He  had 

an  instinct  for  sign-post  facts  and  critical  experiments.     A 
nudtitude    of   functional    and    clinical    conditions,    which    his 

predecessors  had  noted  and  partlv  exjdained,  such  as  cough- 

ing, sneezing,  swallowing,  defalcation,  micturition,  involuntary 
movements  of  limbs,  etc.,  fell  into  their  appropriate  place  in 

his  system  of  "  reHex  arcs."     He  saw  that  the  reHex  function 
of  the  cord  and  medulla  could   be  exalted — by  opium   in  the 
fro<>-  and  strvchnine  in  the  niaiumal  ;  that  the  manifestations 

of  tetanus  and   hydrophobia    received  a   rational   explanation 

for  the  first  time.      Asthma  and    epilepsy  he  also  wished  to 

bring  within  the  scope  of  his  refiex  law.     The  cxcito-motor 
or  reflex    function  of   the  sj)inal    cord  he  found   to  be    more 

easily  excited  in  the  voung  than  in  the  old  :  if  a  teat  touched 

the  lips,  or  a  finger  pressed   the  p.ilin.  of  a  newly  boiu  child. 
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it  was  grasped  by  lips  or  fingers.  The  anencephalic  human 

fcptus — with  its  open,  frog-like  skull — he  regarded  as  a  purely 
reflex  mechanism  ;  it  reacted  only  when  stimuli  were  applied. 

He  observed  how  all  the  entrances  and  passages  at  the  front 

end  of  the  body,  all  the  muscles  and  operations  connected 

witli  the  entrance  of  food  and  breath,  were  presided  over  and 

manipulated  by  his  systems  of  reflex  arcs.  The  action  of  the 
canals  and  nmscles  at  the  hinder  end  of  the  body  were 

regulated  by  a  similar  system  ;  deffecation,  micturition,  par- 
turition were  reflexly  controlled  acts.  He  found  he  could 

elicit  such  acts  by  stimulating  the  mucous  linings  of  these 

canals ;  tenesmus,  strangury,  renal  and  biliary  colic,  the 
localised  contractions  of  the  belly  wall,  and  the  manifestation 

of  sympathetic  pains  which  accompanied  diseases  or  disorders 

of  the  intestinal  tract,  were  all  brought  by  him  within  the 

scope  of  his  new  law.  He  found  that  reflexes  could  be  set 

up  by  stimulation  of  the  dura  mater,  pleura,  and  peritoneum  ; 

the  muscular  disturbances  which  may  attend  the  eruption  of 

teeth  or  the  presence  of  worms  in  the  rectum  could  be  ex- 
plained on  his  newly  discovered  system  of  reflex  arcs.  His 

conclusions  which  most  concern  us  now  relate  to  the  muscles 

of  the  limbs;  they,  too,  were  controlled  by  the  action  of 

stinuili  speeding  along  his  postulated  system  of  reflex  arcs. 

Stimuli  which  arose  in  the  moving  limb  wei'e  carried  to  the 

spinal  cord  by  "incident"  or  excitor  nerves,  and  were  tliere 
"  reflected "  alon<>;  the  out-ffoiuLf  or  motor  nerves  to  the 
muscles.  Each  contact  of  the  foot  with  the  ground  he  sup- 
j)osed  to  call  forth  a  new  series  of  movements.  At  flrst  he 

believed  that  the  "  tone "  of  muscles  was  also  a  true  reflex 
manifestation,  l)ut  later  he  regarded  the  tone  of  muscles  as 

a  function  of  the  cord,  manifested  independently  of  the  arrival 

of  peripheral  stimuli. 
Marshall  Hall  leaves  us  in  no  doubt  as  to  the  basal 

principle  which  regulated  his  treatment  of  disease;  he 

followed  the  same  j)rinciples  as  had  guided  Hunter.  As  a 

physician  lie  desired  to  be  Nature''s  servant — a  sincere  and 

outspoken  servant,  it'  not  a  very  humble  one.  "  I  am  per- 
suaded," he  said,  "that    a    knowlediie    of   the    healthv   body 
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action  is  the  only  foundation  for  practical  medicine  and  the 

only  remedy  for  quackery."  "  A  mere  practical  man  is  a 

quack  "  was  one  of  his  aphorisms.  He  would  have  nothing  to  do 
with  a  policy  of  treatment  that  was  destitute  of  a  rational 

basis — however  popular  that  policy  might  be.  "  Hydro- 

pathy" he  rejected  "because  it  was  a  system  of  gambling." 
Yet  there  never  was  a  man  so  misconstrued  as  Marshall  Hall 

by  his  contemporaries  ;  the  blame  is  not  to  be  saddled  alto- 
gether on  his  contemporaries ;  he  had  an  unconscious  art  of 

rousing  antagonism,  jealousy,  and  mistrust.  After  he  had  made 

his  justly  celebrated  communication  to  the  Royal  Society  in 

ISfJJi,  that  body  turned  its  back  on  him,  and  in  1837  refused 

to  publish  his  further  inquiries  into  the  nature  and  manifesta- 
tion of  reflex  action.  It  also,  most  unjustly,  refused  his  early 

paper  on  the  nature  of  capillaries  and  of  their  circulation. 

He  had  to  seek  a  means  of  publication  abroad,  first  in  Berlin, 

whei'e  Johannes  Miiller,  who  had  helped  W.  J.  Little,  gave 
Marshall  IlalFs  work  a  warm  welcome,  and  afterwards  in  Paris, 

until  1850.  At  the  latter  date,  when  he  was  60  rears  of  age, 
a  reconciliation  was  effected  and  he  became  a  member  of  the 

Royal  Society.  He  "  was  at  a  loss  to  understand  the  action  of 

his  critics,"  who  made  "  numerous  ill-natured  and  disreputable 

innuendoes,"  and  "seek  to  deprive  me,  if  possible,  of  the  just 

rewards  of  my  labours."  "  He  was  weary,"  he  said,  "-of  wordy 

discussion,"  and  "  appealed  from  the  first  half  of  the  nineteenth 
century  to  the  second."  The  second  half  returned  an  em- 

phatic verdict  in  his  favour.  He  earnestly  desired,  in  his 

eailier  time  in  London,  to  obtain  a  post  at  a  teaching  hospital, 

but  not  one  of  the  recognised  schools  would  open  a  door  to 

liim.  His  work  had  no  better  reception  from  the  younger 
generation  of  academical  scientists  tlian  from  his  consultant 

colleagues.  An  Edinburgh  student — afterwards  well  known — 

of  the  name  of  E.  R.  Carpenter  was  given  ample  space  in  the 

pages  of  the  British  and  Forcisi-ii  Mal'icaJ  Jicviao  to  adopt  the 
arrogant  and  brutal  methods  tlien  practised  bv  the  "  P'dinburgh 
Reviewers"  to  bludgeon  the  ablest  man  in  Hritisli  Me(Hcinc. 

I   cannot    resist    throwino;    a    side-Hiiht    on    the    attitude 

adopted  by  his   London   contemporaries  at  the  time   his  re- 
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putation  was  being  so  much  canvassed.  He  was  particularly 
anxious  to  know  what  Johannes  Miiller  had  written  about  his 

discoveries,  but  could  not  read  the  German  tongue.  Dr.  Budd 

told  him  of  a  vouns  student  of  the  name  of  James  Pao-et.  then 

in  his  second  year  of  study  at  St.  Bartholomew's  Hospital,  who 
could  be  of  help  to  him.  Marshall  Hall  availed  himself  of 

this  student's  assistance,  for,  on  29th  November  1836,  James 
Paget,  being  then  18  years  of  age  and  Marshall  Hall  46, 

wrote  in  a  letter  to  his  father,  who  lived  in  Yarmouth  :  '*  I 
have  made  the  acquaintance  of  Dr.  iVIarshall  Hall  lately ; 
Budd  introduced  me  to  him,  as  able  to  tell  him  what  Muller 
said  of  his  reflex  functions.  This  I  have  done  and  he  has  sent 

me  copies  of  his  original  paper  in  the  Ph'il.  Traits,  and  his 
lectures  on  the  Nervous  System.  He  is  certainly  a  sharp 
fellow,  but  I  should  think  rather  a  monomaniac  on  the 

reflections.''''  
^ 

When  we  see  how  one  of  the  best  of  the  young  intellects  in 

England  dismisses  rather  airily  the  labours  and  discoveries  of 

Marshall  Hall,  we  can  hardly  wonder  that  John  Hilton  pre- 
ferred to  think  of  nerve  trunks  than  of  spinal  centres  as  the 

functional  elements  which  presided  over  the  muscular  system 
of  the  body.  Neither  he  nor  the  line  of  sureeons  whicli 

followed  him  perceived  that  Marshall  Hall  had  given  a  new 

basis  for  the  diagnosis  of  all  disordered  actions  of  nuascles  and 

a  sure  principle  on  which  a  rational  means  of  treatment  could 

be  based  for  the  recovery  of  deformed  and  disabled  limbs. 

Nay,  I  would  go  further;  the  full  bearings  of  Marshall  Hall's 
discoveries,  and  particularly  the  significance  of  the  further  in- 

vestigations made  by  those  who  have  so  brilliantly  explored 

the  field  which  he  had  opened,  have  not  yet  been  fully  utilised 

by  modern  orthopjcdic  surgeons.  But  of  that  I  shall  write 

more  fully  in  a  subsequent  chapter:  Marshall  Hall  made  it 

impossible  for  us  to  think  any  longei-  in  the  terms  of  single 
muscles,  bones,  and  joints;  all  of  them,  in  tiie  living  state,  are 

combined  to  form  a  functional  whole  by  the  spinal  cord  and 

its  system  of  reflex  arcs, 

^  Memoirs  and  Letters  of  Sir  James  Paget.     Edited  by  Stephen    Pajjfet, 
1901. 
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We  cannot  say  good-bye  to  this  "  simple-speaking,  plain- 

living"  British  physician  without  adding  a  postscript  relat- 
ing to  the  end  of  his  career.  In  1852,  when  he  was  in  his 

sixty-second  year,  he  became  afflicted  with  a  complaint,  at  fii'st 
obscure,  but  afterwards  proving  to  be  a  malignant  growth 

in  the  commencement  of  the  (Esophagus,  and  withdrew  to 

Brighton.  His  mind  was  as  active  as  ever ;  it  was  in  those  last 

years  that  he  worked  out  his  postural  method  of  artificial 

respiration — a  method  which  is  based  on  the  elasticity  of  the 
thorax.  The  thorax  is  compressed,  and  air  expelled  from  the 

lungs  when  the  patient  is  turned  face  downwards;  it  expands, 

and  air  is  drawn  in  when  the  body  is  turned  on  its  side.  Like 

his  discovery  of  "  reflex  arcs,''  the  elaboration  of  this  method 
of  artificial  respiration  was  based  on  the  experimental  observa- 

tions he  made  on  the  capillary  system  of  newts,  experiments 

undertaken  to  win  an  election  to  the  Royal  Society.  His 

investigations  led  him  on  to  study  the  circulation  in  the  newt's 
lung ;  in  that  research  questions  relating  to  respiration  arose, 

and  the  relationship  of  respiration  to  temperature  and  to  the 

excitability  of  muscles.  He  had  to  appeal  to  comparative 

anatomy  to  solve  his  problems,  and  it  was  while  in  this 

pursuit  that  he  made  the  discoveries  which  gave  us  a  new 

llgiit  on  the  nervous  system  and  a  new  method  of  recovering 

the  apparently  drowned.  Up  to  his  thirty-sixth  year  he  used, 
with  extraordinary  industry,  the  accepted  clinical  methods  of  his 

time;  he  broke  no  new  ground,  liut  the  moment  he  adopted 

the  experimental  method  and  applied  it  to  lowly  forms  of 

life,  where  physiological  problems  are  manifested  in  simpler 
terms  than  in  man,  he  at  one  bound  took  a  place  in  the  front 
rank  of  makers  of  medicine.  It  was  Marshall  I  lull  who  showed 

us  tliat  we  mav  learn  rational  inethods  for  the  treatment  of 

human  limbs  even  from  a  newt's  tail. 



C.uiLLAUME  Benjamin  Amand  Duchenne, 

Born  at  Boulogne,  i8o6;  Died  in  Paris,  1875,  aged  69. 

CHxVPTER    VI 

DUCHENNE    OF   BOUECXJNE    AS   OllTHOP/EDIST 

Summary  of  his  Career. — Marshall  Hall  was  already  apprenticed  as  a 

chemist  in  Newark  when  Duchenne  was  born  in  Boiilog'ne  in  1806,  also 

the  year  of  Malgaig-ne's  birth.  Stronuner  was  two  N'ears  and  Aniedee 
Bonnet  of  Lyons  four  years  his  senior.  Duchenne's  career  thus  beloni^s 
to  that  [period  of  the  nineteenth  century  during-  which  orthop£edic  surgery 
underwent  its  first  g^reat  development.  He  was  the  son  of  a  sea-captain, 
and  received  his  preliminary  education  at  Douai.  In  1825,  at  the  age  of 
ig,  he  commenced  his  medical  studies  in  Paris,  reading  his  thesis  and 

receiving  his  doctorate  in  1831  at  the  age  of  25.  The  teachers  who 

most  impressed  him  as  a  student  were  the  physicians  Louis  and  Chomel, 

and  Magendie  the  ph\'siologist.  There  was  then  a  j'oung  but  strong 
orthopaedic  school  in  Paris,  led  bj-  Bouvier,  but  at  this  time  neither  the 
action  of  muscles  nor  the  treatment  of  deformities  had  any  attraction 

for  Duchenne.  That  phase  in  his  life  began  soon  after  his  return  to 
Boulogne,  where  he  commenced  practice  in  1831.  It  was  then  he  conceived 

the  idea  of  using  the  F"aradic  current,  at  first  for  the  treatment  of  chronic 

9' 
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joint  and  muscular  conditions,  but  afterwards  for  determining-  the  use  of 
muscles.  In  1842,  at  the  age  of  36,  after  spending  eleven  years  as 
a  medical  practitioner  in  his  native  town,  he  set  out  for  Paris  with  a 
view  of  increasing  his  opportunities  of  acquiring  knowledge  rather  than 

of  adding  to  his  income.  At  first  his  attention  was  directed  to  lesions  of 
nerves  and  muscles  ;  his  study  of  orthopaedic  cases  came  later.  In  1867, 

when  he  was  61  years  of  age,  he  published  the  work  in  which  was  summed 

up  a  lifetime  of  observation — Physiologic  des  Moiivetnents.  In  1871,  at 
the  close  of  the  Franco-Prussian  War,  he  suffered  an  apoplectic  seizure. 

His  death  in  1875  was  scarcely  noted  in  the  Medical  Press  of  the  period.^ 

BEFORE  setting  out  to  survey  the  observations  and  dis- 
coveries of  Duchenne  of  Boulogne,  so  far  as  they  relate 

to  the  treatment  of  disabled  muscles  and  joints,  it  is  necessary 

for  us  to  glance  at  what  was  happening  in  the  Royal  Institu- 
tion, Albemarle  Street,  London,  in  1824,  Sir  Hum})hry  Davy 

presided  over  its  destinies  at  that  time  ;  INIichael  Faraday,  his 

assistant,  was  making  the  discoveries  which  were  to  give  the 

world  its  dynamo,  and,  as  a  minor  issue,  was  to  provide  oin' 
friend  Duchenne  with  the  instrument  by  which  he  could 

dissect  the  living  human  body  in  a  new  way  and  earn  for 

himself  a  permanent  place  among  the  benefactors  of  Medicine. 

It  may  serve  to  connect  Duchenne  with  the  men  whose  career 

we  have  just  surveyed  if  I  mention  that,  in  the  year  1824, 

Marshall  Hall,  who  was  almost  of  an  age  w  ith  Michael  Faraday, 

and  still  in  Nottingham,  was  contributing  scientific  papers  to 

the  Journal  of  the  Royal  Institution.  Charles  Bell  was  its 

frequent  visitor;  indeed  it  was  a  slighting  remark  of  Sir 

Humphry  Davy's,  to  the  effect  that  the  human  body,  so 
far  as  the  anatomist  was  concerned,  was  an  exhausted  mine, 

which  stimulated  Bell  to  his  discoveries.  In  the  same  year 

John  Hilton  joined  the  twin  hospitals  in  the  Borough  as  a 
methcal  student. 

We  propose  to  make  Duchenne"'s  acquaintance  in  the  year 
18.'J5  as  a  medical  practitioner  in  the  seaport  of  Boulogne, 
when  he  was  aj)j)roaching  his  thirtieth  year,  for  180G  was  the 

'  For  an  account  of  his  life  and  works,  see  Selections  from  the  Clinical 
Works  of  Duchenne  of  Boulogne,  by  G.  V.  Poore,  New  Sydenham  Society 
Publications,  1883.  See  also  a  sketch  of  his  life  by  Dr.  A.  Motet,  Annates 

Medico-Psychologiqties,  1896,  8th  ser.,  vol.  iii.  p.  426. 

{ 
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year  of  his  birth.  He  was  therefore  a  contemporary  of  our 

Hilton,  and  not  so  unhke  him  in  personal  appearance ;  both 

were  rather  short,  stoutish  men  with  plain,  intelligent  faces. 

Little  more  than  the  Straits  of  Dover  lie  between  their  birth- 

places, for  Duchenne  was  born  in  Boulogne,  and  retained 

all  through  life  the  provincial  accent  and  deliberate  speech 

of  his  native  town.  His  fjither  was  a  sea-captain,  and  his 
contemporaries  have  left  it  on  record  that,  so  far  as  personal 

appearance  was  concerned,  he  bred  true  to  his  stock.  He  had 

much  of  the  Breton  in  him ;  that  one  can  see  in  his  widely 

set  full  jaws,  his  rounded  head,  his  dramatic  manner  and 

excited  speech.  We  shall  find  that  this  patient  and  retiring 

practitioner  of  Boulogne,  if  he  had  no  great  love  for  books, 

did  possess  an  absolutely  insatiable  appetite  for  facts  gathered 

at  first  hand.  He  had  the  greed  of  an  ambitious  capitalist ; 

the  more  his  account  in  the  bank  of  knowledge  grew,  the 

more  he  longed  to  add  to  it ;  and  yet  it  was  a  fortune  which 

was  always  placed  freely  at  the  disposal  of  even  the  meanest 

medical  beggar.  He  had  a  polemical  side ;  like  Hunter 

he  was  jealous  of  the  title-deeds  of  his  scientific  property. 
He  had  his  disputes  vive  et  passionce  with  his  contemporary 

Landry.  "  Landry,"  he  said,  "  seems  to  think  his  mission  in 
life  is  to  contradict  me."  As  for  llemak  of  Berlin,  it  was 
beyond  the  power  of  man  to  get  understanding  knocked 
into  him. 

At  the  point  we  have  taken  uj)  in  Duchenne's  career, 
he  was  in  the  fourth  year  of  his  practice,  haxing  returned 

to  his  native  town  in  1831  after  spending  five  years  as  a 

medical  student  in  Paris.  As  a  young  practitioner  he  had 
come  heir  to  those  chronic  cases  of  rheumatic  and  indefinite 

pains  which  had  been  the  despair  and  plague  of  his  senior 
and  successful  collea<£ues.  For  such  cases  he  had  resorted  to 

a  new  means  of  treatment — the  application  of  the  Faradic 
current  by  a  method  which  was  being  used  by  Magendie  in 

Paris  in  physiological  ex[)eriments.  The  skin  had  to  be 
punctured  so  that  the  induced  or  Faradic  current  niiglit  be 

applied  directlv  to  muscles  and  nerves,  a  rather  painful  method 

which    naturally    did    not    appeal    to    patients.       Duchenne, 
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therefore,  souirht  for  a  more  gentle  method  of  applying  the 
induced  current  for  the  treatment  of  nervous  pains  and 

muscular  disorders,  which  he  succeeded  in  doing  by  simply 

placing  a  wet  sponge  on  the  terminals  of  his  battery.  "  I 

deem  myself,"  he  said,  "  the  unquestionable  inventor  of  this 

method  of  applying  electricity,"'"'  He  also  coined  an  apt 
term,  viz.  Faradisation,  to  designate  the  application  of 

such  induced  currents  to  nerves  and  muscles.  It  was  character- 
istic of  the  man  that  the  curative  effects  of  Faradisation  were 

allowed  to  retire  into  the  background ;  his  interest  became 
centred  on  the  fact  that  he  had  elaborated  a  new  method 

for  the  accurate  study  of  the  living  nmscles  of  the  human 

body.  He  immediately  set  himself  to  stimulate  each  muscle 

and  to  observe  its  action,  and  to  his  surprise  discovered  that 
his  ideal  anatomist  Winslow,  from  whom  Hunter  had  drawn 

his  original  store  of  muscular  knowledge,  had  left  a  field  from 

which  lie  could  still  glean  a  rich  harvest  of  new  and  living 
facts. 

Of  the  twelve  years  spent  in  Boulogne  we  know  nothing  ; 

he  made  no  announcement  of  any  discovery  during  that 

time.  All  we  can  learn  is,  that  in  18453,  when  almost  .'36 
years  of  age,  he  set  out  for  Paris  carrying  with  him  his 

beloved  battery — the  key  which  was  to  unlock  for  liim  the 
door  to  fame.  Marshall  Hall  was  exactly  the  same  age  (36) 
when  he  made  his  bolt  to  London,  and  both  were  faced  with 

the  same  problem — how  to  establish  themselves  in  the  medical 
life  of  their  respective  capital  cities.  We  have  seen  how 

Marshall  Hall  solved  the  problem,  and  we  are  now  to  see  how 

Duchenne  does  the  same.  His  ambitions  lay  in  a  dirt'erent 
direction  :  he  desired  no  fashionable  home,  only  simple  apart- 

ments ;  he  preferred  his  jerky,  alert  walk  to  a  carriage  and 

pair  ;  he  did  not  wish  to  be  trannnelled  by  the  responsibilities 

which  encompass  a  staff  appointment  to  a  great  hospital ;  all 

he  desired  was  access  to  the  clinical  fields  of  Paris,  and  per- 
mission to  glean,  as  best  he  could,  behind  tlie  band  of  appointed 

harvesters. 

You  will  see  that  we  have  in  Duchenne  one  of  the  most 

remarkable  characters  in    medical   biography.     He  was    Don 
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Quixote  and  Sancho  Panza  rolled  into  one.  It  must  be 

apparent  to  every  one  versed  in  the  privileges  and  prejudices 
of  medical  life  that  he  had  to  face  difficulties  of  various  kinds. 

There  was,  in  the  first  place,  the  bread-and-butter  problem. 
As  for  that  he  had  a  modest  competency,  but  he  had  also  a 

practice,  for  in  his  published  writings  we  find  refei'ences  to 
cases  and  fees  which  were  placed  in  his  way  by  Bouvier,  the 

leading  Parisian  orthopjcdic  surgeon  of  that  day,  by  Nelaton, 
and  by  his  old  teachers,  Louis  and  Chomel.  His  chief 

difficulties  were  of  (|uite  another  kind.  How  was  he  to 

obtain  the  consent  of  hospital  patients  over  whom  he  had  no 

control,  to  apply  his  induction  coil,  to  the  exploration  of  their 

muscles  and  nerves.^  AVe  obtain  a  glimpse  of  how  he  over- 
came that  obstacle  when  he  was  inxestitratino;  the  effects  of 

stimulating  the  chorda  tympani  as  it  crossed  the  ear.  He 

succeeded  in  obtaining  opportunities  by  visiting  cliniques 

where  ear  cases  were  treated,  and,  by  holding  out  the 

})ossibility  of  a  cure,  he  was  permitted  to  apply  his  electrical 

method.  He  thus  came  by  the  cases  needed  for  studying  the 

effects  produced  by  Faradisation  of  the  chorda  tympani,  but 

to  his  amazement  he  found  that  the  patients,  particularly  in 

his  earlier  cases,  declaimed  that  their  hearino"  was  nnich  iin- 
proved.  He  thereby  opened  a  field  which,  had  he  been  a  less 

lionest  and  conscientious  observer,  might  have  been,  and  since 

his  time  has  been,  explored  unscrupulously  with  great 
financial  gain.  Experience,  however,  showed  him  that  such 

positive  results  were  only  obtained  in  certain  cases,  and  even 

in  them  the  gain  was  merely  temporary  in  character.  \\q  see 

in  this  example  how  he  obtained  access  to  hospital  patients 

and  pacified  them.  Tiie  hospital  staff-physicians,  surgeons, 
residents,  and  students  presented  a  still  more  dillicult  problem, 
re(juiring  infinite  patience  and  diplomcicy.  It  was  in  direct 

opposition  to  their  experience  of  human  beiiaviour  to  believe 

that  a  country  practitioner  should  descend  on  Paris  with  no 

ulterior  motive,  with  no  aim  beyond  the  mere  searching  of 

hospital  dust-bins  for  knowledge.  Patience,  perseverance,  tact, 
and  good-humour  ultimately  carried  the  day,  and  allayed  the 
jealousies  aroused  by  his  presence  in  hospital  vvards.     Awkward 
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situations  did  arise;  questions  relating  to  priority  did  crop  up, 
and  Duchenne  was  then  never  slow  to  defend  his  own.  It 

was  under  those  circumstances  that  Duchenne  carried  out  his 

investigations  in  Paris  from  ISJ'S,  where  he  arrived  in  his  thirty- 

sixth  year,  until  his  death  in  1875  in  his  sixty-ninth  year. 
It  does  not  matter  which  part  or  region  of  the  human 

body  we  may  select  to  exemplify  Duchenne's  work  ;  we  shall 
find  he  has  explored  it  with  his  rheophores  and  brought  to 

lio-ht  a  crowd  of  fresh  facts  which  have  a  direct  bearing  on  the 
methods  we  must  adopt  for  the  treatment  of  its  disorders. 

^Ve  might  select  the  muscles  of  the  back  which  balance  the 

vertebrfe  on  each  other  and  keep  the  spine  erect,  or  the 

muscles  of  the  abdomen  and  thorax,  and  the  part  each  plays 

in  the  act  of  breathing,  or  the  interplay  of  facial  nmscles  in 

expression,  but  I  prefer  to  choose  the  region  of  the  shoulder 
because  it  was  the  site  of  his  earlier  researches  and  serves  to 

illustrate  the  nature  of  his  observations  and  the  practical 
character  of  his  discoveries.  When  he  stimulated  the  deltoid 

muscle,  he  expected,  because  his  text-books  had  so  taught 
him,  that  the  arm  would  be  elevated.  To  his  surprise  he 

found  it  was  the  scapula  and  not  the  arm  which  moved.  He 
saw  that  the  deltoid  could  not,  and  never  did,  act  alone ; 

when  it  passed  into  action,  messages  were  at  the  same  time 

reaching  the  muscles  which  fix  the  scapula.  Further  inquiry 

showed  him  that  there  was  no  such  thing  as  a  single  muscle  in 

the  living  organism  with  which  physicians  and  surgeons  have 

to  deal ;  every  muscle  is  woven  into  a  functional  complex. 

The  oriiiins  and  insertions  of  muscles  which  so  tax  the  student's 
application  and  memory  are  but  the  letters  of  the  muscular 

alphabet ;  they  are  meaningless  symbols  unless  we  can  con- 
strue them  into  words  and  sentences.  AVhen  we  look  at  our 

modern  anatomical  text-books,  can  we  say  we  have  yet  i)assed 

beyond  the  alphabet  stage  .^  Hence  it  was,  as  Ducheiuie 
stimulated  each  single  muscle  of  the  l)odv  and  watched  its 

individual  action,  he  sought  out  at  the  same  time  its  anbigonist 
and  associated  muscles,  for  he  knew  that  all  of  them  must  move 

together,  answer  to  the  same  nerve-reins  and  be  elements  ot  the 
same  neuro-muscular  mechanism. 
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It  was  in  the  shoulder,  too,  he  studied  the  static  or  tonic 

action  of  muscles,  and  observed  that  parts  of  the  same  muscle, 

such  as  the  trapezius,  may  subserve  quite  different  functions. 
He  noted,  that  when  a  burden  was  carried  on  the  shoulder,  it 

was  the  middle  or  cervical  part  of  the  trapezius  which  was 
called  into  action,  while  during;  laboured  breathini;  only  the 

clavicular  section  took  a  share  in  the  inspiratory  movement. 

He  noted,  too,  that  the  respiratory  part  of  the  trapezius  was 
much  more  sensitive  to  the  induced  current  than  the  static 

part.  He  believed  that  the  poise  of  the  shoulders  was  a 
reliable  index  of  the  tonic  or  static  action  of  the  muscular 

system — which,  as  we  have  seen,  was  regarded  by  Marshall 
Hall  as  a  condition  dependent  on  the  reflex  function  of  the 

spinal  cord.  It  was  Duchenne  who  first  noted  that,  when  we 

assume  the  upright  posture,  nmscles  have  to  support  and  carry 

the  weight  of  the  shoulders  and  arms ;  that  is  their  static 

action.  It  was  he  who  opened  up  our  knowledge  of  the 

peculiar  paralysis  which  follows  a  lesion  of  the  upper  cord  of 

the  brachial  plexus — the  paralysis  and  wasting  of  the  deltoid, 

biceps,  brachialis,  and  brachio-radialis  muscles.  He  observed 
that  condition  in  children  whose  neck  or  arms  have  been 

strained  during  the  act  of  parturition.  In  adults,  he  noted 

how  the  shoulder  dropped  and  the  neck  became  apparently 
elongated  in  cases  of  paralysis  of  the  shoulder  muscles  and  how 

the  head  of  the  humerus  fell  from  the  glenoid  cavity  because 

the  static  action  of  the  muscles  was  destroyed.  One  cannot 

read  Duchenne's  account  of  the  shoulder — as  pictured  in  his 
great  and  permanent  book,  Physiologic  des  Moiivements  (18G7) 

— without  realising  that  muscles  have  no  independent  or 
isolated  existence ;  they,  their  nerves  and  the  central  con- 

trolling mechanisms  of  the  cord  must  be  regarded  as  an 

indivisible  whole  for  him  who  would  seek  to  help  in  the  repair 
of  the  human  machine. 

"  Writers  on  physiology,"  said  Duchenne,  "  devote  pages 
to  the  voice,  but  of  the  movements  of  the  hand  and  foot,  which 

are  so  essential  for  daily  life,  they  have  nothing  to  say."  He 
made  full  amends  for  the  neglect  of  his  predecessors  and 

contemporaries  ;  he  tested  the  action  of  each  muscle  of  the 
7 
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living  hand  and  foot,  and  checked  his  observations  by  watching 

the  normal  movements  in  the  healthy  and  the  defective 

motions  in  the  maimed.  No  one  in  Duchenne's  time  could 
give  a  satisfactory  explanation  of  the  position  assumed  by  the 

fingers  in  cases  of  ulnar  paralysis — the  "  claw-hand."  Duchenne 
took  up  the  problem.  To  guide  him  he  had  the  anatomical 

facts  with  which  everyone  was  familiar.  The  interosseus 
muscles  of  the  hand  and  two,  or  sometimes  three,  of  the 

lumbrical  muscles  were  supplied  by  the  ulnar  nerve.  He  had 

also  the  general  principle  on  which  he  worked  to  serve  him  as 

a  guide — namely,  that  in  every  paralytic  deformity  not  only 

the  disabled  muscles  had  to  be  studied,  but  also  their  antagon- 

ists or  "  moderateurs  "  and  those  which  worked  with  them — 

their  "  coadjutors.""  In  the  clawed  hand  why  was  the  proximal 
phalanx  of  the  fourth  and  fifth  fingers  hyper-extended  and 

the  middle  and  distal  phalanges  flexed  ?  "  In  the  first  place," 
he  said,  "  one  has  to  note  that  the  common  extensors  of  the 
fingers  are  not  the  antagonists  of  the  long  flexors  of  the 

fingers.  The  common  extensor  tendon  extended  only  the 

proximal  phalanx  of  a  finger,  the  flexor  sublimis  only  flexed 

the  middle  phalanx  and  the  flexor  profundus  bent  only  the 

nail  or  distal  phalanx."  In  the  clawed  hand  of  ulnar  palsy  it 
was  plain  that  these  muscles  were  in  uncontrolled  action,  for 

the  proximal  phalanx  was  extended,  the  middle  and  distal 

flexed.  His  problem  was  to  discover  the  antagonist  muscles 

which  flexed  the  proximal  and  extended  the  middle  and  distal 

phalanges.  Stimulation  of  the  interosseus  muscles  by  his 

Faradic  method  gave  him  the  solution  at  once  :  the  proximal 

phalanx  became  flexed  ;  the  middle  and  distal  became  ex- 
tended. He  supposed  that  the  lumbrical  muscles  had  an 

exactly  similar  action.^  "  Clawed  liand,"  then,  is  the  result  of 
paralysis  of  the  interosseus  and  lumbrical  muscles.  That  was 

one  of  Duchenne''s  many  discoveries. 
It  was  in  palsied  hands  and  arms  that  Duchenne  first  noted 

'  In  his  excellent  work  on  The  Action  of  Muscles  (1918)  Dr.  W.  Colin 
Mackenzie  states  that  the  lumbrical  muscles  are  the  flexors  of  the  proximal 

phalans^es  and  that  the  interossei  are  the  extensors  of  the  middle  and 
distal  phalanges. 



DUCHENNE  AS  ORTHOPAEDIST  99 

the  signs  which  mark  the  return  of  vohnitary  control.  Tonic 

con-traction  in  the  interosseus  muscles  of  the  hand  was  apparent 

before  the  patient  obtained  voluntaiy  control  over  tliem. 

Tiie  nearer  a  muscle  was  situated  to  the  spinal  cord  the  sooner 

did  signs  of  recovery  appear  in  it.  The  first  sign  of  approach- 
ing nerve  recovery  was  a  hvperaesthesia  of  the  affected  part ; 

then  the  circulation  which  had  become  sluggish  after  section 

or  injury  of  the  nerve  began  to  return,  the  temperature  of  the 

part,  which  had  fallen  5°  or  7°  below  normal,  rose  to  that  of 
the  corresponding  part  of  the  opposite  side ;  the  nutrition  of 

the  part  improved,  the  tonic  power  returned  to  the  muscles, 

and  lastlv  came,  not  all  at  once,  but  gradually,  the  power  of 

voluntary  contraction.  At  an  early  period  of  his  investiga- 
tions he  saw  that  Faradisation  could  not  replace  normal 

voluntary  impulses  as  a  means  of  keeping  a  paralysed  nuiscle 

in  health  and  preventing  it  from  undergoing  atrophy  ;  he  came 

to  the  conclusion  that  it  was  only  as  voluntary  control  was  on 

the  point  of  returning,  that  the  application  of  Faradisation 

could  help  in  recovery.  On  the  other  hand,  he  was  of  opinion 

that  Faradisation  did  assist  the  blood-vessels  of  a  paralysed 

part  in  regaining  a  healthy  state. 
In  1859,  two  years  after  Marshall  HalPs  death,  Duchenne 

came  across  his  first  case  of  locomotor  ataxia.  lie  believed  he 

was  the  first  to  recotinise  this  condition  as  a  distinct  clinical 

entity  ;  he  was  not  the  first,  but  there  is  no  doubt  that  he 

made  the  discovery  for  himself.  His  previous  investigations 

provided  liiui  with  the  information  needed  for  a  correct  inter- 

pretation of  the  nature  of  the  lesions  in  this  peculiar  disease — 
a  pathological  dissection  of  the  functions  of  the  spinal  cord. 

Tiie  condition  was  one  clearly  connected  with  a  disturbance  of 

the  "  reflex  function,"  but  when  he  came  to  interpret  the 
various  clinical  manifestations  it  was  to  Charles  IJell  and  not 

to  Marshall  Hall  that  he  acknowledged  an  indebtedness. 

Heirs  book  on  the  Hand — a  Bridgwater  treatise  published 

ill  1832 — contained,  he  said,  one  "gem" — the  discovery  of  a 
muscular  sense.  Duchenne  recognised  that  in  locomotor  ataxia 

this  muscular  sense  was  lost ;  the  messages  which  normally 

arose  in  muscles  were  no  longer  received  to  guide  and  control 
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movements.  But,  in  his  opinion,  and  this  is  one  of  his  chief 

discoveries,  the  "  articular  sense  ""  was  also  lost ;  he  presumed 
that  in  every  act  messages  or  stimuli  arose  in  and  around 

joints — stimuli  perfectly  distinct  from  those  which  arise  in 
muscles — and  that  it  was  the  loss  of  these  articular  reflexes 

which  gave  cases  of  locomotor  ataxia  their  unsteady  and 

peculiar  gait.  It  is  not  necessary  to  labour  the  importance  of 

this  discovery  for  orthop.nedic  surgeons.  Hilton,  we  have  seen, 

based  his  practice  on  the  assumption  that  abnormal  articular 

stimuli  were  the  cause  of  muscular  unrest.  Marshall  Hall's 

investigations  showed  why  such  stimuli  were  required  for 

reflex  movements  of  limbs  ;  but  it  was  Duchenne''s  observations 
in  cases  of  locomotor  ataxia  that  first  revealed  the  extent  and 

importance  of  joints  as  signal  stations  for  reflex  acts. 

The  investigation  of  the  shoulder  belongs  to  an  early  phase 

of  Duchenne's  career.  We  shall  now  pass  to  a  subject  which 

occupied  his  later  years — the  cause  and  cure  of  flat-foot,  a 

matter  of  very  grave  importance,  for  every  large  country  loses 

an  army  of  men  from  this  defect.  We  must  remember,  before 

we  enter  this  later  phase  of  his  career,  one  stretching  over  the 

last  decade  of  his  active  life — from  1862-1S72  (for  soon  after 

the  latter  year  he  was  struck  down  by  a  hsemorrhage  in  the 

brain) — he  had  passed  through  a  brilliant  period  of  discovery 

in  the  previous  decade.  He  had  recognised  and  described  as 

distinct  diseases  :  "  Progressive  Muscular  Atrophy  "  (which 
mainly  interested  him  because  such  cases  presented  a  condition 
which  allowed  him  to  test  the  action  of  the  deeply  situated 

nmscles) ;  Glosso-labio-laryngeal  Paralysis ;  Pseudo-hyper- 

trophic  paralvsis  (for  the  diagnosis  of  which  he  invented  an 

instrument  for  punching  out  pieces  of  the  diseased  muscles  for 

microscopic  examination) ;  and  Locomotor  Ataxia.  There  is 

no  need  to  haggle  over  his  claims  to  priority ;  it  was  no 
matter  to  him  whether  otlier  men  had  seen  and  identified  such 

cases  before  him  ;  he  certainly  discovered  them  for  himself  as 

he  sifted  his  gleanings  in  fhe  clinical  fields  of  Paris.  The 

ataxic  gait  made  him  think  and  reason  to  the  very  utmost  of 

his  power.  He  saw  liow  nnich  the  action  of  limbs  depended 

on  the  entirety  of  their  sensory  nerves ;  he  observed  that  the 
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greater  the  loss  of  feeling  in  a  limb,  then  the  gi'eater  was  the 
inco-ordination  of  the  action  of  the  muscles  of  that  limb. 

This,  he  noted,  was  particularly  the  case  in  those  patients  in 
whom  the  articular  nerves  were  affected  ;  he  therefore,  as  we 

have  already  noted,  looked  on  the  stimuli  arising  in  moving 

joints  as  playing  a  most  important  part  in  the  regulation  of 
muscular  action.  It  was  with  such  experience  behind  him  and 

a  very  intimate  knowledge  of  the  action  of  the  muscles  of  the 

foot  and  leg  that  Duchenne  took  up  the  complex  problem — 
one  which  I  reo-ret  to  sav  still  awaits  a  solution — the  cause 
and  cure  of  flat-foot. 

We  can  now  say  with  some  assurance  that  Duchenne  was 

the  first  to  show  us  the  right  way  to  study  the  functional  and 

anatomical  collapse  of  the  foot.  He  studied  how  its  parts 

worked  in  the  living,  standing  position.  As  his  own  foot 

swung  forward  to  be  planted  on  the  ground  in  walking,  he 
observed  that  the  nuiscles  which  manipulated  the  foot,  used 

the  leg  itself  as  a  base  of  action,  but  that  when  the  foot 

became  planted  on  the  ground  and  the  weight  of  the  body 
came  to  rest  on  it,  the  muscles  immediately  reversed  their 

origins  ;  the  foot  itself — particularly  the  great  toe — then  be- 
came the  base  from  whicii  they  moved  the  leg  and  balanced 

the  body.  The  balance  between  the  opponent  muscle  groups 

had  to  be  perfect  if  the  body  were  to  be  poised  steadily  on 
the  foot.  He  realised  that,  as  these  muscles  sufjport  and 

balance  the  body,  they  also  maintain  the  arch  of  the  foot ; 

although  he  does  not  sufficiently  emphasise  the  fact  that  the 

normal  arches  of  the  foot  are  maintained  by  the  action  of  the 

pedo-crural  musculature,  he  did  most  clearly  recognise  that 
the  breakdown  of  the  arch  was  due  to  an  exhaustion  and  loss 

of  co-ordination  in  the  opponent  groups  of  that  musculature. 
In  1862,  a  girl  of  9,  with  incipient  ffat  foot,  was  brought 

to  him.  From  former  observations  he  had  come  to  the  con- 

clusion that  the  peroneus  longus,  whose  innnediate  o[)ponent 

was  the  tibialis  anticus,  was  the  chief  agent  in  maintaining  the 

arch  ;  he  regarded  the  peroneus  longus  as  the  "  key  "  of  the 
livinii  ai-ch.  On  testing  the  electrical  reaction  of  the  muscles 

of  this  girPs  legs,  he  found  that  the  response  by  the  peroneus 
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longus  in  the  disordered  foot  was  much  less  than  in  the  sound 

foot;    the    muscle    on    the  disordered  side  "had  become  im- 

potent," and  was  no  longer  able  to  balance   its    antagonist. 
At  a  later  stage,  when  pain  had  appeared  in  the  joints  of  the 

foot,  particularly  in  the  sub-astragaloid  joint,  he  observed  that 
the  peroneus  longus  was  no  longer  passive,  but  had  entered  a 

contracted  or  spastic  stage,  and  with  this  change  the  flatten- 
ing of  the  foot  had  altered  in  form.     That  spastic  stage  he 

attributed  to  reflexes  which  were  being  set  up  in  the  strained 

and  broken-down  joints  of  the  foot.      His  conclusion  was  that 

flat  foot  was  due  to  exhaustion  of  the  pedo-crural  musculature 

from  overwork — from  prolonged  standing.     There  was  also  a 

"  constitutional"  defect  contributing  to  the  breakdown,  but  of 
the  exact  nature  of  that  defect  we  are  still  as  iijnorant  as  was 

Duchenne.     The  weakness   and    exhaustion    of   the    peroneus 

longus  being,  in  his  opinion,  the  primary  cause  of  the  collapse 

of  the  arch,  the  first  step  in  treatment  must  be  to  strengthen 

its  action  by  electrical  stimulation  and  to  weaken  its  opponent 

— the    tibialis    anticus.       He    tried    to    help    the    weakened 

peroneus   against  its  opponent  by  applying — as  Barwell  and 

others  had  done  before  him — elastic  supports    to    act    as  an 
accessory  muscle.     He    found    that   no    elastic    band  or  steel 

spring  could  replace  a  living  muscle,  no  apparatus  devised  by 

man  could  raise  or  lower  its  power  so  as  to  act  in  the  regulated 

manner  of  antagonist  muscles.     He  made  one  very  important 

and  practical  observation  :  he  saw  that  as  the  arch  collapsed, 
the    action    of   the    nuiscles    became    vitiated    and   tended   to 

increase  the  deformity.     Stromeyer  had  also  noted  that,  but 

in  his  opinion  the  primary  cause  of  the  condition  was  an  over- 
action  of  the  muscles  situated  in  the  calf  of  the  leg.     The  very 

first  step    in    the  treatment    of   flat-loot — more  especially  in 

early  cases — was,  in   Duchenne's  opinion,  to  restore  as  nearly 
as  can  be  done  the  parts  of  the  arch  to  their  normal  relation- 

ship, so  that  the  muscles  which  still  retain   their  power  may 

serve,  as  in  the  normal  foot,  as  mainstays    of   the  arch.     If 

Duchenne's  teaching  is  right,  and  in  its  broad  lines  I  am  sure 
it  is  right,  then  those  who  condemn  the  use  of  artificial  sup- 

ports of  the  arch,  applied  when  its  collapse  is  threatened,  do 
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an  ill  service  to  their  patients.  Such  a  support  can  give 

temporary  rest  to  the  exhausted  muscles ;  the  amount  of 

support  may  be  diminished  as  the  muscles  recover. 

There  is  no  doubt  that  Duchenne  exaggerated  the  import- 
ance of  the  part  taken  by  the  peroneus  longus  in  maintaining 

the  arch  of  the  foot  and  in  balancing  the  body  upon  it.  He 

overlooked  the  functional  importance  of  the  tibialis  posticus 

and  flexor  longus  hallucis  because  these  muscles,  buried  deeply 

beneath  those  of  the  calf,  were  not  easily  accessible  to  his 

methods  of  stimulation  and  investigation.  He  was  rio;ht  in 

supposing  that  Hat-foot  is  due  to  a  disordered  action  of  the 
muscles,  but  time  will  show,  I  think,  that  the  chief  culprit  is 

not  the  peroneus  longus,  but  the  tibialis  posticus. 

But  of  what  nature  is  this  muscular  disorder  'i  There,  too, 
Duchenne  comes  to  our  assistance.  It  was,  in  his  opinion,  of 

the  same  nature  as  the  disorder  known  as  writer^s  cramp — a 
disorder  caused  by  overuse  and  exhaustion  of  certain  muscles. 
The  condition  of  Hat-foot  is  one  due  to  a  breakdown  in  the 

reHex  mechanism  which  co-ordinates  the  action — particularly 

the  tonic  or  static  action — of  muscular  groups  which  balance 
the  body  on  the  foot.  We  shall  not  stop  now  to  inquire  at 

what  point  of  the  reflex  arc  that  breakdown  occurs— whether 

at  the  end  organs  in  which  the  sensory  nerves  of  muscles  com- 
mence, or  in  the  spinal  centres  which  control  the  group  ;  it  is 

enough  for  our  present  purpose  to  show  tliat  it  was  Duchenne 
who  made  us  look  for  the  cause  of  flat-foot  in  a  disorder  of  the 

neuro-muscular  mechanism  of  the  lower  extremity,  in  place  of 
a  mere  deformation  of  the  bones  of  the  foot. 

I  migiit  have  cited  many  instances  from  other  parts  of  the 

body  where  Duchenne  has  added  to  our  knowledge  of  applied 

anatomy  and  physiology.  It  was  he  who  showed  the  unten- 
able nature  of  the  hypothesis  put  forward  hy  the  brothers 

Weber  in  187(j — that  the  lower  limb  acted  as  a  pendulum — as 

if  it  were  an  artificial  limb — when  it  was  swung  forwards  in 
walking  ;  he  demonstrated  that  the  ulna,  as  well  as  the  radius, 

took  an  active  and  positive  part  in  the  movements  of  pro- 
nation and  supination ;  he  was  the  first  to  observe  that 

"clawing"  of  the  fingers  was  a  result  of  paralysis  of  the  inter- 
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osseus  muscles,  and  that  as  they  regained  their  power  of 

movement  the  clawing  disappeared.  Our  main  object,  how- 
ever, is  to  see  how  far  he  can  help  us  to  establish  the  general 

principles  of  treatment — -especially  how  far  electrical  means 

may  be  expected  to  help  us,  for  he  had  forty  years  of  experi- 
ence on  whicli  to  found  his  statements.  His  opinion  was  that 

electrical  stimuli  differed  from,  and  could  not  replace,  voli- 
tional stimuli  ;  that  paralysed  muscles  recovered  much  better 

under  volition  than  under  Faradisation.  He  was  sceptical 

whether  electrical  means  contributed  in  any  way  to  the  return 

of  voluntary  power  to  muscles,  a  conclusion  which  is  supported 

by  the  modern  experiments  of  Professor  Langley ;  he  believed 

its  application  was  of  most  service  after  a  muscle  had  begun  to 

regain  movement.  He  discovered  that  muscles  could  be 

electrically  stimulated,  not  directly,  but  through  their  reHex 

mechanism — by  means  of  electric  baths.  He  was  of  opinion 

that,  if  in  some  states  this  "  reflex ""  means  of  treatment  may 
assist  recovery,  there  were  others  in  which  it  worked  harm. 

The  basis  upon  which  he  sought  to  found  his  methods  of 

treatment  was  a  knowledge  of  the  healthy  mechanisms  of  the 

human  body  ;  in  the  prevention  and  in  the  rectification  of 

deformities,  he  sought,  as  Thomas  of  Liverpool  also  did,  to 
assist  the  weak  muscles  and  restrain  the  stronjj. 

Here,  then,  in  Duchenne  of  Boulogne,  we  have  one  of  the 

most  remarkable  figures  which  has  ever  appeared  on  the 

medical  stage.  His  contemporaries  were  too  close  to  him  to 

realise  that  this  missionary  for  science  who  appeared  before  them 

in  garb  of  a  rustic  country  physician,  and  made  his  modest  bow 

with  a  Imttery  of  his  own  design  under  his  arm,  was  playing 

a  greater  part  in  the  drama  of  Medicine  than  the  star-actors 
who  kept  themselves  in  the  centre  of  the  stage  and  in  the  full 

limelight.  It  was  given  to  him,  as  is  given  to  few  men,  to 

discover  a  key  which  could  open  the  door  to  a  new  field  of 

knowledge.  He  used  that  key,  not  for  his  personal  aggrandise- 
ment, but  for  the  enrichment  of  medical  knowledge.  He  had 

what  the  real  investigator  needs — patience  and  perseverance. 
He  had  those  qualities  which  the  surgeon  needs  who  would 

undertake  the  treatment  of  bodily  disabilities  and  deformity, 
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yet  more  patience  and  more  perseverance.  In  the  case  of  the 

girl  suffering  from  Hat  foot,  which  I  have  ah-eadv  mentioned, 
he  gave  sixty  sittings  before  the  muscles  responded  to  tlieir 

normal  functions.  "  Goodness  knows,""  he  says  in  his  intro- 
duction to  the  Phjjsiologie  cles  Mouvementfi,  "  the  collection 

of  facts  I  give  in  this  work  have  cost  me  an  endless  amount 

of  time  and  pains,  and  if  my  life  permits,  1  hope,  with  the 

aid  of  God  and  the  courtesy  of  my  colleagues,  to  finish  what  I 

have  put  my  hand  to.''  It  was  thus  we  came  by  one  of  the 
best  treatises  ever  written  on  the  dissection  of  the  living 

human  body. 



CHAPTER   VII 

SOME  MATTERS  RELATING  TO  THE  MECHANISM 

AND  MANAGEMENT  OF  MUSCLES 

In  a  previous  chapter  it  has  been  shown  that  the  discoveries  of  Marshall 
Hall  in  the  first  half  of  the  nineteenth  century  made  a  knowledge  of  the 

spinal  cord  essential  for  the  surg'eon  who  sought  to  apply  rational  means 
in  the  treatment  of  orthopaedic  cases.  The  reader  who  wishes  to  learn 
how  these  discoveries  should  influence  orthopaedic  methods  of  treatment 

ought  to  study  the  works  of  Dr.  Charles  Sherrington,  Professor  of 
Physiology  in  the  University  of  Oxford.  In  this  chapter  we  shall  touch 
only  on  the  more  important  facts  which  seem  to  have  a  direct  bearing  on 
orthopaedic  practice.  At  the  end  of  the  chapter  the  work  of  a  true  follower 
of  Duchenne  will  be  touched  on — the  late  Dr.  Charles  Beevor. 

THERE  still  remain  niaiiy  questions  in  applied  anatomy 

and  physiology  which  await  a  rational  answer  :  Why 

is  it,  when  the  patella  is  broken,  that  the  quadriceps  muscle 

at  once  shortens  and  drags  the  upper  fragment  away  from  the 
lower  ?  The  muscles  of  the  calf  react  by  shortening  when  the 

tendo  Achillis  is  cut.  When  a  bone  is  broken,  the  surrounding 

muscles  contract  energetically,  so  that  the  broken  ends  overlap 

— often  a  considerable  distance.  When  a  joint  is  dislocated, 

or  when  it  becomes  injured  or  inflamed,  the  nuiscles  siuTOund- 

ing  that  joint  j)ass  into  a  state  of  liyper-tonus  or  even  of 
spasmodic  contraction.  When  a  grouj)  of  muscles  becomes 

paralysed,  such  as  tho.se  which  dorsi-Hex  the  wrist,  the  opponent 

group — the  palmar-flexors — undergo  a  contraction  or  shorten- 
ing. We  nuist  be  able  to  explain  the  behaviour  of  nmscles 

under  conditions  such  as  have  just  been  cited,  if  we  would 

adopt  rational  methods  of  treatment  for  their  restoration. 

On  a  former  occasion  ̂   I  have  spoken  of  muscles  as  internal 
combustion   engines — the  enmnes  which  work  our  limbs  and 

^"Christmas  Lectures  at  the  Royal  Institution,  1916." 
ic6 
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trunk.  I  have  been  justly  criticised  for  the  use  of  this  simile 

because  it  is  now  ten  years  ago  since  Sir  Walter  Fletcher  and 

Dr.  Hopkins  discovered  that  combustion  occurs,  not  when  a 
muscle  contracts,  but  between  the  waves  of  contraction,  whereas 

in  a  petrol-driven  engine  combustion  occurs  during  the  effec- 

tive stroke  of  the  piston.  This  difi'erence  does  not  signify  that 
a  muscle  is  not  an  internal  combustion  engine  ;  the  right  inter- 

pretation is  that  a  petrol-driven  engine  and  a  muscle  are 
internal  combustion  engines  of  different  kinds,  for  in  both, 

carbon  dioxide  and  water  are  produced,  and  the  rate  of 

production  varies  directly  with  the  amount  of  work  done. 

There  is  much  to  be  gained,  I  think,  by  the  use  of  the  engine 

simile,  for  to  us,  who  use  our  muscles  in  health,  they  seem 

simple  and  easily  managed  machines ;  but  when  disordered, 

their  repair  presents  us  with  many  a  perplexing  problem. 

Our  muscles,  if  we  regard  them  as  living  engines,  are 

always  running — always  ready  at  any  instant  to  go  into 
motion  ;  their  steam  is  always  up.  Some  of  them  are  running 

with  their  clutch  out,  such  as  are  emjiloyed  only  for  temporary 

or  definitely  limited  efforts ;  but  others  of  tliem — the  static 

muscles,  those  which  have  to  maintain  the  upright  and  stand- 

ing postures  of  the  l)ody — are  kept  running  with  their  clutch 
always  engaged.  The  muscles  of  the  back,  and  of  the 

abdomen,  those  which  maintain  the  weio-ht  of  the  shoulder  and 
upper  limb,  those  which  balance  the  head,  and  all  the  muscles 

of  the  lower  limb,  which  maintain  the  various  parts  of  our 

body  in  the  standing  posture,  are  "  clutched "  muscles.  But 
whether  they  are  clutched  or  unclutched,  every  nuiscle  must 
maintain  a  certain  degree  of  tension  in  order  that  it  may 
make  an  immediate  start  when  called  on  ;  that  muscular  tension 

must  be  maintained  under  all  circumstances  ;  there  must  be 

no  slack  to  take  up  before  a  muscle  comes  into  action.  Hence 
if  a  tendon  is  cut  or  a  bone  broken,  the  muscle  attached  to 

tliat  tendon  or  surrounding  tiie  fracture  must  undergo  a 

shortening,  for  every  fibre  is  under  an  initial  or  "starting" 
tension.  The  shortening  of  muscles,  in  the  instances  just  cited, 

is  a  manifestation  of  the  self-regulating  mechanism  with  which 
all  living  muscles  are  endowed. 
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In  this  chapter  I  propose  to  see  how  far  the  researches  of 

modern  neurologists  help  us  to  understand  the  mechanisms 

which  reu-ulate  the  action  and  behaviour  of  muscles  under 

surgical  conditions.  We  can  do  this  most  easily  by  confining 

our  attention  to  a  muscle-group  which  Professor  Sherrington 

explored  at  an  early  stage  of  his  career — the  extensors  and 

flexors  of  the  knee-joint.  All  of  us  have  known  since'  the 
commencement  of  our  medical  apprenticeship  that  a  contrac- 

tion of  the  extensors — a  "  knee-jerk  " — was  elicited  when  the 
patellar  ligament  was  tapped,  but  we,  who  were  students  in  the 

"  eighties,"  did  not  know  the  mechanism  of  its  production  until 
Professor  Sherrinoton  revealed  it  to  us  in  1893.  It  would  be 

an  interesting  story  to  tell  how  he  was  gradually  led  up  to  the 

investigation  of  this  problem,  but  we  must  resist  the  tempta- 
tion and  confine  ourselves  to  the  elements  which  he  found  to  be 

concerned  in  the  reflex  mechanism  of  the  knee-jerk.  Of 
these  the  chief  are  the  nerve  cells,  several  thousand  in  number, 

which  are  situated  in  the  anterior  horn  of  the  spinal  cord 

opposite  the  origin  of  the  anterior  roots  of  the  3rd  and  4th 

lumbar  nerves.  Through  the  anterior  crural  nerve,  each  of 

these  cells  sends  a  process  or  ner\e  fibre  to  establish  a  con- 
nection, by  means  of  its  end  plates,  with  certain  fibres  of  the 

extensor  muscles  of  the  knee.  To  help  us  to  obtain  a  working 

picture  of  the  mechanism,  we  may  look  on  the  anterior  liorn 

cells  as  "drivers'" — engine-drivers  or  muscle-drivers — and  the anterior  horn  itself  as  an  establisliment  set  aside  for  their 

acconnnodation.  There  was  a  time,  no  doubt,  when  each  auto- 

maton driver  was  to  be  found  by  the  side  of  the  particular 

engine  it  managed — with  its  motor  plate  or  hand  on  the 
throttle  valve  of  the  enmne.^  Althou<fh  seated  now  in  the 

spinal  cord,  their  hands  are  still  on  the  muscular  cylinder,  and 
tlieir  arms  or  axons  are  drawn  out  into  mere  threads.  I 

have  spoken  of  the  "drivers"  as  automatons — they  are  only 
apparently  automatic — they  can  neither  start,  accelerate,  nor 
stoj)  their  engines,  except  under  the  influence  of  signals  or 

messages,  which,  we  shall  see,  reach  them  from  many  sources. 

'  See  Professor  Graham  Kerrs  "  Account  of  the  Development  of  Nerve 

Fibres  in  Lepidosiren,"  Trans.  Roy.  Soc.  Edin.,  1906,  vol.  xli.  p.  119. 
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They  also  exert  a  mysterious  power  over  the  muscular  cylinders 

immediately  under  their  control ;  as  long  as  the  drivers  are  in 

direct  touch,  their  engines  have  the  power  of  building  up 

energy-yielding  material,  and,  on  demand,  of  liberating  energy 
as  work  ;  that  power  at  once  ceases  when  their  arms  are  cut  or 

broken  ;  the  engine  at  once  stops  and  soon  begins  to  undergo 

a  disruption  or  atrophy  by  a  species  of  self-consumption. 
Clearly,  in  cases  where  nerves  are  damaged,  our  first  effort  in 

the  restoration  of  muscles  must  be  the  re-establishment  of  the 

normal  relationship  between  the  anterior  horn  cell  and  their 

group  of  muscular  fibres. 
It  is  clear  that  the  driver  cells  of  the  anterior  horn  beintr 

situated  so  far  away  from  their  muscular  engines,  must  be  kept 
informed  not  only  what  is  taking  place  in  the  fibres  immediately 

under  their  control,  but  also  be  supplied  with  information  as 

to  what  is  happening  in  all  the  other  associated  engines,  other- 

wise they  could  not  handle  their  machine  so  as  to  obtain  co- 
ordinated and  efficient  results.  The  manner  in  which  the 

driver  cells  of  the  cord  are  kept  supplied  with  information  from 

the  muscles  or  engines  under  their  control  was  discovered  by 
Professor  Sherrington. 

From    his    researches    we    see   that   each    driver    cell    has 

attached  to  it  a  chain  or  system  of  signallers  in  the  shape  of 
nerve   cells.     Those  which    subserve  the  needs   of  the   driver 

cells,  which    control  tlie   extensor   muscles    of   the    knee,    are 

situated    in    the    posterior   root  ganglia   of  the  3rd  and    4th 

lumbal-  nerves  of  the  human  body.     Each  signaller  cell  in  a 
posterior  ganglion  is  coiniected  by  one  process  or  wire  with 

a  receiving  station  or  receptor  organ,  technically  known  as  a 

"  muscle-spindle,"'''  situated  in  a  particular  group  of  extensor 
fibres  of  the  quadriceps.     By  its  other  process  or  arm,  these 

signaller  cells   of   the   posterior    root  ganglia    transmit    their 

messages    to    various    stations    in    the    spinal    cord.      In    the 

vastus  internus  muscle,  particularly   under  the  fascial  expan- 

sion   which    couples    it    to   the    knee-cap,    Sherrington    found 
muscle  sj)indles  or  signal  stations  to  be  particularly  numerous. 

He   observed   that  they   were  so   placed  that  they  served   to 

register  in  the  most  sensitive  manner  every  change  in  tension 
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which  may  occur  when  the  vastus  fibres  are  in  action.  Every 

change  thus  registered  at  every  one  of  the  many  receiving 

stations  is  transmitted  by  signallers  in  the  posterior  root 

ganglion  to  the  spinal  cord — ultimately  reaching  the  driver 
cells  in  the  anterior  horn.  Through  such  messages  driver 

cells  are  kept    informed  of  the   working  state    of  their    own 

engnies. 

Messages  are  transmitted  from  the  posterior  root  signallers 

to  the  driver  cells  in  the  following  manner :  Between  the  pos- 

terior root  signaller  and  anterior  horn  driver  are  placed  sig- 

nallers belonsiuG:  to  a  different  catesory — to  an  "  intermediate  " 

or  "exchange"  group.  Each  "exchange"  signaller  evidently 
taps  the  messages  which  arrive  in  the  spinal  cord,  selecting  such 
as  are  destined  for  their  particular  clients  amongst  the  driver 
cells.  Thus  each  motor  or  anterior  horn  cell  is  made  aware 

of  what  is  happening  in  its  own  pa.rticular  series  of  contractile 

cylinders  by  means  of  a  chain  of  signallers.  The  signallers 

and  motor  cells  are  so  arranged — so  linked  hand  to  hand — 

as  to  form  a  loop  or  arc — a  reflex  arc.  A  muscle  can  thus 
be  started  by  a  stimulus  or  message  delivered  in  receiving 

stations  situated  amongst  its  own  fibres,  and  once  started, 

its  further  action  may  be  regulated  by  further  messages 

automatically  set  up  by  the  contracting  fibres  and  trans- 
mitted to  the  driver  cells.  Such  messages  or  stimuli  are  duly 

transmitted  to  the  appropriate  driver  cells  by  signaller  cells. 

There  are  also  other  special  signal-receiving  stations 
(Golgi  bodies)  placed  in  tendons.  We  have  thus  a  machinery 

which,  set  into  action,  gives  us  a  rational  explanation  of 

the  clinical  phenomenon  known  as  a  knee-jerk.  When  the 
patellar  ligament  is  tapped,  the  tension  of  the  muscle  spindles 
within  the  extensor  muscles  of  the  knee  is  suddenly  increased  ; 

that  increase  is  signalled  to  the  anterior  horn  cells  and  evokes 

there  a  message  or  stimulus  which  -throws  the  muscle  into  a 

state  of  action.  The  knee-jerk  is  an  artificial  kind  of  move- 
ment— one  which  we  elicit  by  playing  upon  the  spinal  or 

reflex  contiolling  mechanism  of  the  extensor  nniscles  of  the 

knee.  The  important  fact  we  learn  from  Sherrington  is 

that  in  every  contracting  nniscle  messages  are  being  evoked 
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and  transmitted  to  the  spinal  cord,  where  they  are  duly  con- 

ducted to  the  "  driver "  cells  of  the  anterior  horn.  Every 
time  we  rub,  pinch,  or  handle  a  muscle  we  excite  streams  of 

those  "  driver-controlling  "  messages.  Every  stroke  given  by 
the  hand  of  the  masseuse  is  accompanied  by  messages  stream- 

ing to  the  cord,  and  reflected  from  there  back  to  the  part  in 

which  they  were  aroused. 

W'hen  the  extensors  of  the  knee  contract,  messages  pass 
from  their  muscle  spindles,  not  only  to  the  quadriceps 

"driver""  cells  in  the  anterior  horn  of  the  spinal  cord,  but 
also  to  the  cells  which  control  the  opponent  group  of  muscles, 

the  hamstring  flexors.  The  reason  for  this  is  very  obvious. 

Muscular  engines  unlike  any  form  we  have  evolved  for  indus- 
trial life,  are  set  so  as  to  work  in  opposing  groups.  It  is 

quite  clear,  if  there  is  to  be  no  loss  of  power,  that  the  work 

of  opposing  groups  nnist  be  co-ordinated  with  the  utmost 
nicety.  Hence  tlie  need  of  messages  passing  from  the  muscle 

spindles  of  the  extensors  of  the  knee  to  influence  the  driver 

cells  which  preside  over  and  regulate  the  contraction  of  the 

hamstring  flexors  of  the  knee.  Sherrington  was  able  to  prove 
that  a  constant  stream  of  messages  arises  in  the  contracting 

extensors  and,  passing  to  the  cells  which  control  the  action 

of  the  hamstrings,  exercises  on  them  a  regulating  influence. 

In  this  way  a  balance  is  maintained  between  the  degree 

of  shortening  of  the  extensors  of  tlie  knee,  and  the  degree 

of  lengthening  of  the  hamstring  flexors.  Similarly,  messages 
are  being  produced  in  the  hamstring  muscles  which  exercise 

a  regulating  or  inhibitive  influence  over  the  extensor  motor 

cells.  Thus  the  state  or  degree  of  contraction  in  any  muscle 

is  regulated  in  the  main  by  two  sets  of  stimuli  or  messages: 

(1)  Those  arising  in  its  own  fibres ;  (2)  those  arising  in  the 

fibres  of  its  opponent.  The  more  nearly  we  can  place  muscles 
in  a  state  of  rest,  the  less  call  will  there  bo  on  this  reflex 
mechanism. 

Professor  Sherrington  observed,  when  the  hamstrings  were 

relaxed,  or  when  their  aft'erent  (signaller)  fibres  had  been  cut, 
that  the  action  of  the  (juadriceps  extensor,  as  elicited  by  the 

knee-jerk,    was    inci'eased.     Tlie   jerk    was    increased    because 
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the  stream  of  inhibitive  messao-es  from  the  hamstrino;  muscles 

had  been  cut  off'.  On  the  other  hand,  when  the  havnstrings 
were  in  a  state  of  contraction,  or  if  their  afferent  nerve  fibres 

■ — going  to  the  signaller  cells  in  the  posterior  root — were 

artificially  stimulated,  the  extensor  i-esponse,  as  manifested 
by  the  knee-jerk,  was  greatly  restrained.  The  restraint  was 
due  to  the  increased  stream  of  inhibitive  messages  passing 

from  the  hamstrings  to  exert  their  influence  on  the  "driver" 
cells  which  control  the  extensor  muscles  of  the  knee.  We 

thus  learn  that  every  time  the  hamstring  muscles  are  kneaded 

or  massaged,  stimuli  are  evoked  in  them  and  transmitted  by 

the  signaller  cells  of  the  postei'ior  root  ganglia  and  of  the 
spinal  cord  to  their  controlling  or  driving  cells  of  the  anterior 

horn.  Corresponding  messages  are  also  forwarded  to  the 

driver  cells  of  the  opposing  group  of  muscles — the  extensors 
of  the  knee.  Stimuli,  excited  in  the  manner  iust  mentioned, 

tend  to  set  up  a  state  of  contraction  in  the  hamstring  group 

and  a  state  of  relaxation  in  their  opponents — the  extensors 

of  the  knee.  If  a  state  of  flexion  of  the  knee-joint  be  already 
present,  the  application  of  massage  will  increase  the  degree 
of  flexion,  not  lessen  it.  We  see,  too,  that  once  a  muscle  is 

thrown  into  action,  its  automatic  signal  mechanism  tends  to 

keep  it  in  action. 
It  is  becoming  sufficiently  apparent  that  those  muscular 

engines  which  are  so  often  damaged  in  military  as  in  industrial 

warfare,  and  so  often  tax  the  surgeon"'s  care,  are  very  complex 
machines.  The  arrangement  and  function  of  the  serried 
battalions  of  driver  cells  situated  in  the  anterior  horn  of  the 

spinal  cord,  seem  simple  enough.  The  battalion  of  driver  cells 
which  controls  the  extensor  muscles  of  the  knee — the  battalion 

on  which  I  want  to  centre  the  reader's  attention — is  placed 
opposite  the  origin  of  the  anterior  roots  of  the  3rd  and  4th 
lumbar  nerves  from  the  cord.  Into  the  battalion  quarters  of 

these  driver  cells  are  pouring  the  streams  of  messages  which  arise 

in  the  receiving  or  sensory  stations  of  their  own  muscle — the 

quadriceps  extensor  cruris.  Into  the  same  quarters  are  coming 

messages  which  arise  in  the  antagonist  group — the  hamstring — 
and  also    by  a  less  direct  route,  lunnberless  messages  which 
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are  excited  in  more  distant  muscles — those  which  co-operate 
with  the  extensors  of  the  knee — -in  the  various  movements 

needed  in  standing;  and  walking. 

For  the  surgeon,  the  messages  which  arise  at  the  articular 

receiving  stations  are  of  the  first  degree  of  importance. 

Round  the  knee-joint,  particularly  in  its  ligaments  and  capsule, 
is  placed  a  series  of  end  organs  or  receiving  stations,  furnished 

with  the  onion-like  wrappings  of  a  Pacinian  corpuscle.  They 
are  so  placed  and  shaped  as  to  be  affected  by  all  changes  in 

pressure  and  tension  produced  by  movements  of  the  joint. 
The  messages  arising  in  the  articular  signal  stations  of  the 

knee,  bear  in  upon  the  extensor  driver  cells,  and  keep  them  in 

touch  with  what  is  happening  in  the  joint  with  which  they 

ai-e  most  directly  concerned — the  knee-joint.  We  can  see  how 
these  articular  signal  stations  of  the  knee  may  give  rise  to 

false  or  pathological  messages  when  ligaments  become  strained 

by  the  locking  of  an  inter-articular  cartilage,  or  altered  by 

inflammation — messages  w'hich  throw  the  driver  cells  into  a 
state  of  disordered  action.  When  the  knee-joint  becomes 
inflamed,  particularly  when  the  articular  cartilage  is  eaten 

away  and  the  granulations  springnig  from  underlying  bone 

are  exposed,  numerous  new  signal  stations  of  a  pathological 

nature  are  established — stations  at  which  painful  messages 

are  freely  excited.  Such  messages  have  apparently  a  particu- 
larly easy  access  to  the  driver  cells  of  both  the  extensors  and 

flexors  of  the  thigh,  setting  up  an  inco-ordinated  struggle  in 

which  the  J}amstrings  win  because  they  have  the  more  power- 

fuHeverage.  Hilton  knew  well,  if  he  could  arrest  the  produc- 

tion of  painful  articular  stimuli  within  the  knee-joint,  which 
he  sought  to  do  by  keeping  the  joint  at  rest,  that  he  would 

succeed  in  allaying  the  contracted  state  of  the  muscles  of  the 

thigii. 

I  have  not  yet  finished  with  the  signal  stations  from  which 
the  automaton  drivers  of  the  muscles  of  the  knee  are  furnished 

with  guidance.  If  the  skin  of  the  foot  or  leg  be  pricked,  the 

Hexors  of  the  thigh  and  knee  are  thrown  into  action.  They 

may  also  be  directly  influenced  by  cutaneous  impressions 
arising  in  the  region  of  the  knee.  The  skin  over  the  knee 

8 
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is  provided  with  several  different  kinds  of  nerve  endings,  or 

stations,  which,  when  suitably  stimulated,  give  rise  to  signals 

of  touch,  pain,  heat,  cold,  etc.  Such  cutaneous  messages  may 

also  reach  and  affect  the  anterior  horn  cells  of  the  knee  region 

of  the  spinal  cord.  Hilton  proposed,  in  cases  where  cutaneous 

nerve  stations  in  the  region  of  the  knee  were  hyper-excited, 
to  arrest  or  diminish  the  transmission  of  stimuli  by  the  local 

application  of  belladonna  or  opium  in  strong  solutions.  It  is 
also  clear  that  these  cutaneous  signal  stations  and  their 

attached  signallers  can  be  hyper-excited  by  the  application  of 
counter-irritants  to  the  skin  of  the  knee,  and  that  an  effect 

of  an  uncertain  nature  can  be  produced  on  the  driver  cells  of 

the  cord,  and,  through  them,  on  those  engine  cylinders  which 
rest  under  the  control  of  such  cells. 

We  cannot  overstate  the  importance  of  this  complex 

silent  mechanism,  which  regulates  the  movements  of  our  limbs, 

because  it  is  by  understanding  it  and  using  it  that  the  ortho- 
pedic surgeon  hopes  to  find  a  rational  system  of  treatment. 

Why  should  such  a  mechanism  be  provided  for  the  human 

body  ?  Think  for  a  minute  what  the  conditions  of  life 
would  be  if  every  moment  we  stood  erect,  or  every  time  we 

took  a  step,  we  had  consciously,  and  by  an  effort  of  will,  to  set 

into  motion,  and  regulate  at  every  phase  of  that  motion,  the 

millions  of  muscular  fibres  which  the  act  of  standing  or  \valking 
calls  into  action.  If  our  limbs  were  so  controlled  life  would 

be  intolerable,  and  movement  only  possible  for  a  genius. 
Hence  our  nuiscles  have  been  transferred  to  an  automatic 

mechanism  over  which  our  wills  have  the  right  and  power  to 

intervene  at  any  moment.  In  health  that  automaton  is  a 

blessinir,  and  in  disease  it  is  of  distinct  advantage  for  the 

surgeon,  because  it  is  by  understanding  and  utilising  the  natural 
mechanism  of  muscles  that  he  hopes  to  attain  the  condition 

of  rest  necessary  for  a  return  of  health. 

In  an  earlier  part  of  this  chapter  mention  was  made  of  the 

intermediate  cells  of  the  spinal  cord — the  "  exchange  signallers  " 
  which  linked  up  the   signaller  cells  of  the  posterior  root — 

"posterior  root"  and  the   driver  cells  of   the  anterior   horn. 
These  three  elements  make  up   the  reflex  spinal  arcs  which 



MECHANISM  AND  MANAGEMENT  OF  MUSCLES    1 1  5 

control  all  muscular  acts  of  trunk  and   limb  connected  with 

the  primary  needs  of  the  animal  body.     Sherrington's  "spinal 

dog "  can  carry  out  elaborate  purposive  movements,  and  yet 
the  underlying  mechanism  which  carries  out  these  movements 

is  merely  the  reflex-arc  system  of  the  spinal  cord.     The  most 

remarkable  element  in  the  arc  system  is  the  "  intermediate  " 

or  "  exchange "  signaller    cell   of  the   spinal  cord.      A  cell  of 
this  kind  seems  to  possess  much  the  same  kind  of  powers  as 

the  intelligent  operator  of  a  central  telephone  exchange.     An 

intermediate  signaller  cell  has  particular  clients  amongst  the 

driver  cells  of  the  anterior  horn  :  its  proper  duty  is  to  supply 

them    with    messages    coming    in     from    particular    receiving- 
stations  in  the  body — an  area  of  muscle,  joint,  or  skin,  with 
which  that  particular  cell  has  to  do  direct  business.     Such  is 

the  routine  occupation  of  all  exchange  signallers.     They  also 

possess  another  function,  equally   important.     'J'hey  are    the 
recipients  of  messages  coming  from  the  brain  (volitional),  from 

thQ  cerebellum,  from  the  labyrinth,  from    the  corpora  striata 

and  tectate  nuclei.     The  condition  of  a  muscle,  or  of  a  group 

of   muscles,    at   any   particular   nnnute,  is    the   result    of   the 

messaijes  which  the  intermediate  cell  is  (jatherini;,  receivino;, 

and  forwarding  to  the  driver  cells  which  control  that  muscle, 
Duchenne    showed    that    the    individual  muscle    had   no    real 

existence  in  the  living  animal  body  ;  its  action  is  fused  with 

that  of  a  crowd  of  coadjutors  and  antagonists,  which  by  their 

combined  and  balanced  action  execute  a  defined  and  purposive 
movement.      Marshall  Ilall  and  Sherrington   have  convinced 

us  that,  in  a  functional  sense,  we  cannot  separate  a  muscle  from 

the  neural-arc  system  ;  the  neural  arc  and  muscle  are  parts  of  a 
single  apparatus.     Both  make  up  parts  of  one  organ.     That 

is  a  truth  which  has  to  be  kept  in  mind,  both  in  the  diagnosis 

and  in  the  treatment  of   injured  limbs.      If  the  arc   system 

becomes  damaged  at  any  point,  there  is  an  immediate  break- 

down in  the  muscles  connected  with  that  system — the  nature 
of  the  disturbance  depending  on  the  exact  site  of  the  lesion. 

The  reflex  system  of  nerve  arcs  just  described  forms  the 

machinery  by  which  the  surgeon  hopes  to  restore  normal 
movements  to  every  muscle  which  retains   the  merest  flicker 
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of  a  contraction,  one  so  slight  that  the  fino;er  may  succeed  in 

detecting,  yet  the  eye  fail  to  see.  In  our  efforts  to  restore 

normal  action  to  a  damaged  limb  we  base  our  hope  very 

largely  on  the  adaptative  powers — amounting  almost  to  an 

intelligence — possessed  by  the  exchange  signallers  of  the 
spinal  cord.  If  we  can  get  a  message  through  to  them  from 

the  muscle,  they  will,  given  time  and  a  few  remaining  intact 

driver  cells,  open  and  extend  a  motor  path  to  the  muscle. 

P'or  many  reasons  the  contraction  set  up  in  a  weakened  muscle 
by  a  volitional  stimulus  is  better  than  that  set  up  by  a  faradic 

or  galvanic  stimulus — because  only  volitional  impulses  can 

set  groups  of  muscles  into  normal  action — evoking  in  the 

prime  movers  the  normal  stimuli  which  regulate  the  elonga- 
tion of  the  antagonistic  group. 

We  have  to  remember  that  a  voluntary  impulse  not  only 

plays  on  the  muscle-controlling  machinery  of  the  spinal  cord, 
but  also  on  another  reflex  mechanism — the  vaso-motor.  The 

extension  of  the  two  systems — motor  and  vaso-motor — to  any 
muscles  must  work  in  absolute  harmony.  The  greater  the 

work  a  muscle  is  called  on  to  do,  the  more  must  its  supply  of 

blood  be.  We  know  that  a  volitional  impulse  which  sets  the 

muscle  working,  also  sets  the  mechanism  which  regulates  the 

blood  supply  going  at  its  proper  rate ;  but  we  have  no 

evidence  that  this  double  effect  can  be  accomplished  by  any 
artificial  form  of  stimulus,  electrical  or  other. 

What  are»  the  best  means  of  maintaining  in  health  a 

muscle  which  has  just  become  pai-alysed — particularly  one  to 

which  we  may  expect  an  early  restoration  of  nerve  supply .'' 
Let  us  look  at  the  condition  of  such  a  muscle:  the  influence 

of  the  anterior  horn  and  posterior  root  cells  has  been  with- 
drawn from  every  muscular  fibre;  the  vital  contents  of  every 

cylinder  begin  to  break  up,  degenerate,  and  be  absorbed.  The 

influence  of  the  vaso-motor  system  is  also  lost ;  the  capillaries 
become  unregulated,  irregular,  distended  channels.  AVe  wish, 

as  far  as  possible,  to  prevent  the  breaking  up  of  the  nmsde 

cylinders  and  to  maintain  intact  their  original  condition  so  far 

as  we  may.  Massage  applied  to  the  delicate  and  broken 

organisation  of  a  crippled  nmscle  seems  to  me  calculated  to 
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help  in  the  work  of  destruction.  If  in  any  crisis  of  surgical 

treatment  rest  is  necessary,  it  is  in  the  early  stages  of  degenera- 

tion of  a  paralysed  muscle.^  Surgeons  are  misled  by  the  fact 
that  the  paralysed  muscle  does  not  complain  when  it  is 
kneaded  and  rubbed.  How  could  it  ?  Its  nerves  are  cut. 

I  am  certain  that  Dr.  Colin  Mackenzie  is  right  when  he 

applies  splints  as  carefully  to  a  paralysed  muscle  as  to  a 

broken  bone;  perhaps  the  muscle  is  in  the  greater  need  of 

this  protective  treament. 

Whv  is  it  that  a  paralysed  limb — or  a  paralysed  muscle — 
is  so  sensitive  to  cold  and  needs  warmth  as  well  as  rest  ?  The 

causes  are  multij)le ;  muscles  which  are  healthy  and  capable  of 

active  contraction  are  the  best  heat  producers  and  heat 

radiators  of  the  body.  The  greater  the  muscular  paralysis 

of  a  limb,  the  gi'eater  its  susceptibility  to  cold.  The  other 
cause  which  is  at  work  is  that  division  of  the  principal  nerves 

of  a  limb  destroys  the  afferent  and  efferent  paths  of  the  vaso- 

motor mechanism  of  the  limb — a  mechanism  which  is  employed 
to  maintain  an  equable  temperature  in  a  healthy  limb.  Such 

a  paralysed  limb  has  lost  its  self-regulating  heat  mechanism  ; 
its  temperature  rises  or  falls,  like  that  of  a  lizard,  with  the 

surrounding  atmosphere.  A  paralysed  nuiscle  has  lost  its  heat- 
regulating  mechanism  ;  it  stands  as  much  in  need  of  warmth 

as  does  a  newly  born  babe. 

Another  bearino;  of  the  vaso-motor  mechanism  on  the  work 

of  Hie  surgeons  is  its  possible  connection  with  tlie  establish- 
ment of  a  collateral  circulation.  Why  is  it,  when  we  tie  the 

femoral  artery  in  Hunter's  canal,  that  within  a  week  minute 
arterial  channels,  which  link  proximal  with  distal  branches 

of  that  vessel,  begin  to  open  up  ?  The  pressure  of  blood 

within  the  patent  part  of  the  femoral  artery  has  not  changed. 

It  is  possible  that  tlic  vaso-motor  mechanism  of  the  limb 
comes  into  action,  but  that  alone  would  not  suffice  to  give  us 

the  new  channels  we  observe  developing.  We  have  to  assume 

that  the  starved  tissues  beyond  the  site  of  ligature  have  the 

power  by  some  undiscovered  mechanism,  of  so  acting  on  the 

^  For  further  evidence  sec  Dr.  \V.  Colin  .Mackenzie's  Action  of  Muscles, 
1918. 
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available  blood  channels,  that  they  continue  to  grow  in  calibre 

until  a  sufficient  blood  supply  is  given  to  them. 

We  are  still  ignorant  of  the  exact  arrangement  and  distri- 
bution of  the  vaso-constrictor  and  vaso-dilator  nerve  fibres  of 

the  limb.  A  number  of  years  ago  Professor  Wingate  Todd^s 
attention  was  drawn  to  this  matter  by  one  of  those  cases  of 

cervical  rib  which  was  attended  by  a  vaso-motor  disturbance 
and  by  pain,  due  to  pressure  of  the  lowest  brachial  trunk 

against  the  abnormal  rib.  He  observed  that  a  strand  of 

fibres  from  the  sympathetic  system  joins  the  lowest  trunk  of 

the  brachial  plexus,  and  inferred  that  the  pain  and  vascular 

symptoms  were  probably  due  to  pressure  on  these  vaso-motor 
fibres.  A  fuller  account  of  observations  by  him  and  by  his 

pupils  will  be  found  in  the  Anatovncal  Record^  May  1914,  and 

the  Lancet,  10th  August  1912.  The  median  nerve  in  the 

upper  extremity  and  the  posterior  tibial  in  the  lower,  are 

laden  with  vaso-motor  fibres  (unmyelinated)  destined  to  re- 
gulate the  blood  supply  to  the  palm  and  fingers  in  the  one 

case,  and  to  the  sole  and  toes  in  the  other.  The  fibres  in  the 

median  and  posterior  tibial  nerves  are  apparently  the  efferent 

elements  of  the  vaso-motor  arc ;  the  stimuli  which  they  carry 
cause  dilation  or  constriction  of  the  vessels.  But  which  are 

the  fibres  which  serve  as  the  alierent  paths  to  the  vaso-motor 
reflex  system  ?  They  are  undoubtedly  those  unmyelinated 

fil)res  which  commence  at  cutaneous  receiving  stations  or  end- 

oigans  of  various  kinds — those  at  which  "  painful,"  "  hot,"  or 

"  cold"  stimuli  are  received.^  Everyone  is  familiar  with  the 
fact  that  pain  is  very  closely  connected  with  vaso-motor  dis- 

turbances. Vascular  dilation  attended  by  extreme  pain  may 

be  produced  in  the  hands  or  feet  by  the  application  of 
mechanical  violence  or  extremes  of  heat  or  cold,  !?ucli  results 

are  obtained  through  the  vaso-motor  reflex  system.  Painful 

stimuli  may  produce  a  localised  vaso-dilatation,  that  localised 

vaso-dilatation,  if  within  tissues  which  are  confined  by  rigid  or 

semi-rigid  walls,  will  still  further  favour  the  production  of 

painful  stimuli,  and  so  a  vicioug  pain-producing  reflex  circle  is 

'  See    researches   b}'    Drs.    Raiison    and    Hilling'sley,    in    the    American 

Journal  of  Pliysiology,  1914, ',  vol.' XNxviii.  p.   128;   1916,  vol.  xl.  p.  571. 
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produced.  Hilton  produced  pain  in  an  ulcer  of  the  leg  when 

he  compressed  the  vein  leading  from  the  ulcer ;  the  pain  was 

diminished  when  the  artery  leading  to  it  was  compressed. 

Dr.  John  S.  B.  Stopford  ̂   has  drawn  the  attention  of 
military  surgeons  to  a  burning,  persistent  and  intolerable  pain 

— thermalgia — which  occasionally  occurs  in  the  hands  or  feet 
of  soldiers.  The  pain  is  usually  associated  with  a  partial 

wound  of  the  median  (if  the  hand  is  the  seat  of  pain)  or  in 

the  sciatic  or  posterior  tibial  in  the  case  of  the  foot.  Dr. 

Stopford  regards  the  pain  in  such  cases  as  being  reflex  in 

origin,  manifested  through  the  vaso-motor  arc  system  of  the 
limb.  Pathological  stimuli  are  produced  at  the  wound  of 
the  nerve  trunk  by  cicatricial  contraction.  The  stinuili  act 

on  the  afferent  fibres  (unmyelinated  fibres  of  the  protopathic 

system)  which  excite  the  vaso-dilator  fibres  of  the  foot  or 
hand.  One  also  sees  similar  reflex  disturbance  of  the 

musculo-motor  system  of  a  limb.  A  soldier  may  sustain  a 
wound  of  his  median  nerve  so  that  all  the  muscles  sup})lied 

by  that  nerve  in  the  hand  and  forearm  are  paralysed.  On  the 

other  hand,  the  neighbouring  nuiscles  supplied  by  the  ulnar 

nerve  may  be  in  a  state  of  over-contraction.  The  ulnar  con- 

traction in  such  cases  is  apparently  due  to  artificial  or  patho- 
loijical  stimuli*  arisins  at  the  wound  of  the  median  nerve, 

passing  into  the  spinal  cord  and  there  stimulating,  in  a  reflex 
manner,  the  anterior  horn  cells  from  which  the  motor  fibres 
of  the  ulnar  nerve  arise. 

Having  thus  made  an  imperfect  survey  of  the  modern 

development  of  the  line  of  research  opened  up  by  ̂Marshall 

Hall  in  1832,  so  far  as  that  research  bears  on  orfhop;edic 
treatment,  we  shall  now  turn  for  a  moment  to  note  what  has 

happened  in  the  field  of  inquiry  opened  by  Duchenne  in  the 

year  1835.  Duchenne  made  the  movements  of  the  human  ])ody 

his  special  study.  He  was  succeeded  by  E.  J.  Marey,  who 

perfected  a  new  way  of  studying  muscular  movements-^first 

by  taking  graphic  records  of  them  by  various  forms  of  register- 

ing machines  (La  Mi'thode  Graphicjue,  1878),  and,  later,  in 

1883  by  photographic  records — tiie  cinematic  metliod.      When 
'  Laiini,  1917,  ii.  195. 
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we  survey  our  British  field  of  medical  inquiry  we  find  only  one 

man  who  has  followed  up  this  line  of  research — the  late  Dr, 
Charles  E.  Beevor.^ 

We  must  note  the  circumstances  which  led  Dr.  Beevor  to 

follow  in  the  track  marked  out  by  Duchenne.  Like  so  many 

of  our  leading  British  neurologists  he  was  a  student  of 

University  College,  London,  and  a  physician  to  the  National 

Hospital  for  the  Paralysed  and  Epileptic,  Queen's  Square, 
Bloomsbury.  In  1878,  when  he  was  house-physician  to  Dr. 
Bastian  at  University  College  Hospital,  he  had  as  one  of  his 

clinical  clerks  the  late  Sir  Victor  Horsley — the  beginning  of 
an  association  which  proved  important  for  both  men.  Some 

six  years  later,  when  Beevor  was  30  years  of  age  and 

recently  appointed  physician  to  the  hospital  in  Queen's  Square, 
he  and  Horsley  made  together  a  prolonged  experimental  in- 

quiry with  a  view  of  determining  the  exact  localisation  of 

movements  in  the  cortical  areas  of  the  monkey's  brain.  It 

was  during  this  inquiry  that  Beevor 's  attention  was  directed 
to  the  importance  of  noting  the  various  nujscles  concerned  in 

each  movement  evoked  by  stimulation  of  the  cercljral  cortex. 

The  result  of  that  inquiry  was  to  show  him  that  Duchenne 

was  right ;  a  single  muscle  has  no  existence  in  the  physiology 

of  the  body.  It  also  convinced  him  that  Hughlings  Jackson 

was  right  when  he  taught  that  the  brain  knew  nothing  of 

muscles,  only  of  movements.  Thus  we  find  that  Beevor 

approached  the  study  of  muscles  through  the  central  nervous 

system,  whereas  Duchenne  approached  the  central  nervous 

system  through  his  observations  on  nniscles.  Beevor  began 
by  stinuilating  the  cortical  areas  connected  with  nuiscular 

movement  by  the  Faradic  current,  but  when  he  came  to  study 

muscles  he  relied,  as  we  shall  see,  on  purely  clinical  methods. 

Duchenne  applied  the  Faradic  current  to  the  study  of  nniscles, 

but  in  his  investigations  into  the  central  nervous  system  he 

relied  chicHy  on  clinical  methods. 

The  value  of  Dr.  Beevor's  work  -  to  the  orthopiedic  surgeon 

^  Dr.  Beevor  died  5th  December  1908,  at  the  age  of  54. 

^  See  his  Croonian  Lectures,  Brit.  Med.  Jour ti.,   1903,  i.  pp.  1357,   1417, 
1481. 
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lies  in  his  method  of  studying  both  the  normal  and  disordered 

action  of  muscles.      We  can  exemplify  his    methods  best  by 

selecting  some  of  his  shoulder  cases.      A  young  girl  is  brought 

to  him  with  the  trapezius  on  the  right  side  atrophied  below 

the  level  of  the   spine  of  the  scapula.     When   she  began  to 

advance  her  arm,  raising  it  up  until  it  became  horizontal,  he 

observed  that,  as  soon  as  the  movement  began  the  lower  angle 

became  prominent,  the  degree  of  winging  increasing  until  the 

arm  was  half-way  up,  at  an  angle  of  45°,  and  then  the  wing- 
ing disappeared.     "The   explanation   I  would    offer    for    this 

occurrence,"  he  writes,  "  is  that,  though  the  serratus  magnus 
is  mechanically  in  the  position  to  fix  the  scapula  and  prevent 

its  lower  angle  being  rotated  towards  the  spine,  it  is  not  its 
function  when  the  movement  is  one  of  advancing  the  shoulder 

to  act  on  the  scapula,  until  the  humerus  has  been  moved  by 

the    deltoid    through    about    45°.       The   lowest    part  of  the 
trapezius  is  the  proper  muscle  to  fix  the  scapula  in  advancing 

the  humerus,  and  when  these  inferior  fibres  are  paralysed,  the 

serratus  will  not  slip  into  the  breach,  so  to  say,  and  do  the 

work    for  the  trapezius,  wliich,  consequently,  is   not  done  at 

all."      No  amount    of  anatomical    reasoning    or    of   electrical 
stimulation    could    tell    us    the    respective    functions    of    the 

ti-apezius  and  serratus  in  moving  .the  scapula ;  their  ])articular 
functions  can   only  be    learned,  as  lieevor  learned    them,  by 

direct  observation  on  the  living.     On  the  other  hand,  when 

the  shoulder  joint  is  anchylosed,  the  serratus  magnus  begins 
to  act  as  soon  as  the  arm  begins  to  be  raised. 

He  discovered  a  physiological  method  of  throwing  a  muscle 
from  a  state  of  contraction  into  one  of  instant  relaxation — 

a  discovery  which  he  found  useful  for  testing  the  degree  of 

action  possessed  by  a  muscle  which  is  suspected  to  be  partially 

or  completely  paralysed.  When  the  forearm  is  bent  at  the 

eli)o\v  the  biceps  is  contracting  and  shortening,  while  its 

antagonist — the  outer  and  inner  heads  of  the  triceps — is  in 
a  state  of  contraction  but  underiroing  elongation.  Beevor 

observed  that  if  a  resistance  is  offered  to  the  bending  of  the 

forearm,  the  biceps,  as  before,  goes  on  contracting,  but,  as 

may  be  detected  by  the  fingers  placed  behind  the  humerus, 
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the  triceps  passes  at  once  into  a  state  of  relaxation.  Over 

and  over  again  he  found  that  the  "  resistance  test "  helped 
him  to  detect  defective  action  in  muscles.  To  test  the  deltoid, 

for  example,  he  raised  the  patient's  arm  away  from  the  body 
until  it  was  almost  horizontal.  Then  placing  the  fingers  of 

one  hand  on  the  muscle  and  holding  the  patient's  arm  with 
the  other  so  as  to  offer  a  resistance  to  its  descent,  he  asked 

the  patient  to  make  an  effort  to  reappose  the  arm  to  the  side. 

The  moment  that  effort  was  made  the  antao-onists  of  the  del- 

toid  were  brought  into  play,  and  the  deltoid,  if  it  possessed 

the  power  of  contraction,  would  be  felt  to  relax  under  the 

physician's  fingers. 
Beevor  made  a  particularly  close  study  of  the  muscles 

which  act  on  the  wrist  and  on  the  fingers.  The  researches  of 

Hunter  and  of  Duchenne  revealed  the  complex  nature  of  the 

action  of  the  long  flexors  and  extensors  of  the  fingers.  When 

the  flexors  contract,  so  as  to  bend  the  fingers  in  grasping,  the  ex- 

tensors of  the  wrist  also  come  into  action,  to  fix  the  carpo-meta- 
carpal  base  on  which  the  fingers  are  poised.  Similarly,  when 

the  long  extensors  contract,  to  extend  the  proximal  phalanges, 

the  flexors  of  the  wrist  pass  simultaneously  into  action.  Beevor 

was  struck  by  the  fact  that  when  the  fingers  are  bent  and  the 

long  extensors  are  brought  into  action,  the  extensors  of  the 

carpus  also  contract,  but  if  the  fingers  are  unbent,  and  then 
the  lona;  extensors  of  the  finders  brouijht  into  action,  the 

extensors  of  the  carpus  no  longer  give  any  assistance.  He 

foinid,  however,  he  could  bring  them  into  action  by  offering 

a  resistance  to  the  bending  upwards  of  tlie  fingers;  when  the 

fingers  felt  themselves  overloaded,  they  had  a  means  of  calling 
the  extensors  of  the  wrist  to  their  aid.  As  the  extensors  of 

the  wrist  came  into  action,  Beevor  could  feel  their  ojiponents, 

the  flexors  of  the  wrist,  pass  out  of  action.  l?y  tliis  and  many 

other  observations,  Beevor  heljx>d  to  reveal  the  vt-rv  complex 
mechanism  we  have  to  undersbmd  and  restore  in  the  treatment 

of  disabled  joints. 

I  will  select  only  one  other  example  to  show  how  well 

Beevor's  observations  deserve  our  close  attention.  He  brought 
home  to  medical  men  that    in  the  movements   of   the  trunk 
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the  force  of  gravity  was  almost  as  important  as  the  action  of 

muscles.  Indeed,  in  most  movements  of  the  trunk — in  bend- 
ins  forwards  or  backwards,  or  on  flexino;  the  body  sidewards — 

the  true  moving  force  was  gravity,  and  the  muscles  of  the 

trunk  served  merely  as  active  antagonists.  When  we  bend 

forwards  it  is  not  the  rectus  abdominis  which  passes  into  con- 
traction, ])ut  the  muscles  of  the  Ijack  ;  when  we  bend  our 

bodies  towards  tiie  left  it  is  tiu-  muscles  of  the  right  side 
which  pass  into  action.  The  action  of  the  muscles  of  the 

trunk  is  that  of  antagonists — thev  contract,  and  elongate  as 

they  contract.  Heevor  showed,  from  his  studies  of  hemi- 
plegia, that  the  muscles  of  the  right  half  of  the  trunk  are 

thrown  into  action  by  the  right  half  of  the  brain  when  the 

body  leans  over  to  the  left,  but  when  they  begin  to  raise  the 

body  to  bring  it  back  to  tiie  vertical  again,  then  these  same 

muscles  pass  under  the  domination  of  the  opposite  hemisphere 
— the  left.  In  all  of  those  observations  there  lies  a  basis  of 

hope  for  the  physician  and  surgeon.  It  is  not  muscles,  but 

movements,  which  are  represented  in  the  brain.  The  brain, 

by  dint  of  repeated  effort  on  the  part  of  the  patient,  can  be 

educated.  'I'he  future  will  reveal  how  far  education  may 
restore  paralysis  of  central  origin. 



CHAPTER    VIII 

THE  DEGENERATION  AND  REGENERATION  OF 
NERVES 

The  treatment  which  the  surgeon  of  to-da}'  appHes  for  the  recovery 
of  injured  nerves  is  based  on  the  observations  and  discoveries  of  a  great 
number  of  men.  The  chief  events  are  connected  with  the  Hves  of  Joseph 

Swan  (1791-1874),  Sir  James  Paget  (1814-1900),  Marie  Jean  Pierre 
Flourens  (1794-1867),  Augustus  Waller  (1816-1870),  Francis  Maitland 
Balfour  (1851-1882),  Wilhelm  His  (1831-1904),  Jean  Joseph  Emile  L^tit^vant 
(1830-1902),  and  Dr.  Henry  Head.  In  the  present  chapter  the  reader  is 

introduced  to  the  part  which  each  of  these  men  plaj'cd  in  the  development 
of  our  knowledge  of  Nerve  Degeneration  and  of  Nerve  Regeneration. 

OF  the  thousands  of  maimed  men  who  flood  the  orthop;edic 

hospitals  of  Ein*ope  at  the  present  time,  none  tax  the 
knowledge,  ingenuity,  and  patience  of  the  surgeon  so  much  as 

those  who  have  lost  the  use  of  a  limb  from  injurv  to  a  main 

nerve  trunk.  A  nerve  divided  by  a  bullet  which  drills  a  clean 

track  through  the  soft  parts,  needs  time  for  its  recovery,  but 

if  the  limb  be  kept  warm  and  the  muscles  which  are  supplied 

by  the  injured  nerve  be  protected  from  the  over-action  of 
their  healthy  antagonists,  we  can  rest  assured  of  a  successful 

result.  Unfortunately,  such  cases  are  rare ;  the  missile  is 

only  too  frecjuently  a  fragment  of  shell  which  splinters  and  pul- 
verises the  bone,  tears  the  nerve  trunks,  lacerates  and  crushes 

the  muscles,  leaving  behind  it  a  churned-up  and  infected 
mass  of  damaged  tissues  in  which  sepsis  runs  riot  ;  and  if  the 

surgeon  succeeds  in  saving  tjie  limb  it  is  one  in  which  the 

nerve  trunk  at  its  poiut  of  ruptiu'e  is  embedded  in  a  mass 
of  cicatricial  tissue ;  the  nniscles  are  atroj)liied,  damaged,  and 
bound  down  by  adhesions;  tendons  are  fixed  to  their  sheaths, 

and  perhaps  the  neighbouring  joints  have  also  become  involved 

and  stiffened.     My  aim  in  this  chapter  is  to  examine  our  stock 

124 
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of  knowledge  relating  to  the  repair  of  nei'ves,  and  to  ascertain 
which  part  of  it  is  likely  to  be  of  practical  use  in  such  cases. 

In  1819 — almost  a  century  ago — the  Council  of  the  Roval 

College  of  Surgeons  awarded  the  Jacksonian  Prize  to  Joseph 

Swan  for  an  essay  on  "  The  Treatment  of  Local  Morbid 

Affections  of  the  Nerves."  At  that  time  Joseph  Swan  was 
28  years  of  age,  and  for  five  years  had  been  assisting  his 

father  in  Lincoln,  and  was  expected  to  carry  on  a  line  which 

had  supplied  Lincoln  with  medical  men  for  several  preceding- 
generations.  Fate,  however,  had  willed  otherwise,  for  when  a 

student  at  the  twin  hospitals  in  the  Borough — St.  Thomas's  and 

Guy's — he  had  fallen  under  the  spell  of  anatomy,  and  that  spell 
— as  it  turned  out — stood  ever  afterwards  between  him  and 

success  in  practice.  When  he  was  40  years  of  age  he  came 

to  London  and  fixed  his  door-plate  to  a  house  in  Tavistock 

Square,  turning  a  spacious  billiard  room  into  a  private  dis- 

secting room.  There  he  was  allowed  to  carry  on  his  investi- 
gations on  the  Nervous  System  in  peace,  for  few  patients  came 

to  consult  him,  and  the  great  hospitals  of  London  could  find 

no  vacancy  on  their  staff  for  him. 

His  later  work  ̂   is  of  no  impiU'tance  to  us  now,  but  it  is 
otherwise  with  a  single  chapter  in  his  early  prize  essay  of 

1819.  This  chapter  is  entitled  "  An  Experimental  Enquiry 
into  the  Process  Nature  employs  for  repairing  Wounds  of 

Nerves."  It  is  a  chapter  in  the  history  of  surgery,  for  these 
experimental  sections  of  the  sciatic  nerves,  which  he  per- 

formed and  observed  in  twenty-two  rabbits,  are  the  first 
records  of  their  kind.  He  tells  us  his  reasons  for  making 

these  experiments.  His  own  opinion  was,  and  it  was  the 

prevalent  opinion  of  his  time,  that  when  a  nerve  was  cut  its 

ends  became  reunited,  and  when  the  union  was  complete 

the  nerve  could  again  serve  as  a  highway  for  messages  to  and 

from  the  brain.      He   thought   the   experiments   which  ̂ Vbbe 

^  Later  he  retired  from  London  and  died  at  Filey,  Yorksliire,  in  1874, 

aged  83.  He  was  the  senior  fellow  of  the  Royal  Collcg'e  of  Surg'eons  at 
the  time  of  his  death,  having  become  a  member  in  1813.  His  essay,  first 
published  in  1820,  was  republished  in  1834  as  A  Treatise  on  the  Diseases 
and  Injuries  of  Nerves. 
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Fontana  and  Cruikshank  had   carried   out   in    London,  some 

of   them    in    John    Hunter's    liouse    in    .rerniyn    Street/    had 
definitely    settled    the    matter.     Jacques    Delpech    of    Mont- 
pellier  thought  otherwise  ;  it  was  true,  he  said,  the  ends  of 

cut  nerve  became  united  by  a  cicatrix,  but  across  that  cicatri- 
cial bridge  messages  could  not  pass,  and   hence  a  cut  nerve 

was  a  nerve  permanently  paralysed.      As  a  country  practitioner 

in  Lincoln,  Joseph  Swan  had  experience  of  horses ;  he  knew  that 

if  a  horse  went  lame  in  a  foot  from  "  side- bone"  then  section 
of  the  nerves  at  the  pastern  arrested  the  pain  and  therefore 
removed   the  cause  of   the   lameness.     He   observed  that  in 

from  six  to  eight  weeks  the  foot  again  became  sensitive  and 

unsound,  from  which  he  inferred  that  in  that  space  of  time 

the    nerves  had   healed   and   could   again   transmit   messages. 

He  knew  that  veterinary  surgeons,  in  such  cases,  cut  out  an 

mch  from  each  nerve,  but  even  ^vhen  such  gaps  were  made 
he   had    seen    lameness   to    recur  at  the  end   of  six  months. 

Thus,   before   he   commenced   his   experiments    he    had    good 
reason  to  think  that  a  divided  nerve  could  and  did  recover 

its    normal    function.      He    resolved,   however,   to   take   Jolni 

Hunter's  advice — "  not  to  think  but  to  try.*"     He  first  studied 
the  actual  process  of  healing,  exposing  and  cutting  the  sciatic 

nerve  in  the  middle  of  the  thigh,  and  killing  the  rabbits  at 

stated   dates   after  the  operation   to  note  what  happened  at 
the  site  of  the  lesion.     He   found  that  the  cut  ends  of  the 

nerve  became  red,  vascular  and  swollen — particularly  the  upper 
or  proximal  end ;  the  breach  between   the  ends  was  filled  up 

by   an    inflammatory    exudate  —  "  coagulable    lymph''*'  —  into 
which  the  vascular  network  on  tiie  divided  ends  spread   until 

they  fused  and  thus  the  gap  in  the  sciatic  nerve  was  bridged 

by  a  span  of  newly  organised  vascular  tissue.     The  bridging 
tissue  became  firmer  and  denser,  and  at  the  end  of  a  period 

of  about  eight  weeks  he  noted   that   the   movements  at  the 

ankle  and  foot  began  to  return,   and   he   thei'cfore    inferred 
that  the  new  bridge  had  become  fit  for  the  passage  of  nerve 
messages  from  and  to  the  brain.     But  he  also  observed  that 

^  See    Chapter    I.    for    Cruikshank's    paper.     See    Phil.     Trans.,    1795, 
Vol.  XXXV.  p.  117.     The  paper  was  read  al  the  Royal  Society,  June  13,  1776. 
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even    at    the    end    of    eighteen    weeks    movements    were    not 

perfect.      He    noted,    too,    that    if    the    sciatic    nerve     were 

punctured,  or  if   only  a  partial   division    was   made,  that  he 

could  detect  no  imperfection   in   the   movements  of  the  foot 

or  ankle,  and  that  such   wounds  healed   up  exactlv   as    if  a 
tendon  had  been  incised.      If,  however,  he  removed  half  an 

inch  of  the  sciatic  nerve,  although  the  gap  did  become  filled 

up,  he  observed  that  restoration  at  the  best  was  only  partial 

or    else    completelv    failed.      In    one    rabbit,   from-  which    he 
had  excised  half  an  inch  of  the  sciatic  nerve,  he  obtained  a 

result  of  particular  interest  and  importance  to  us.     When  he 
killed  the  animal  at  the  end  of  four  months,  it  had  an  ulcerated 

heel  and   "  was   certainly  much   improved   in   the  use  of  the 

limb,  but  it  was  far  from  being  perfect" — he  found  a  gap  of 
two-thirds   of  an   inch  (16   nun.)  between  the   cut  ends,  but 

this  gap  was  bridged  by  two  nerve  filaments — one  going  to 
the    internal    popliteal    (til)ial)    division,    the    other    to    the 

external   popliteal   (peroneal)   division.      He  also   noted   that 
the   nerve   to   the  outer  side   of  the   heel — the  connnunicans 

peronei — which  came  off  from  the  sciatic  just  above  the  point 
of  section,  was  greatly  enlarged.     Thus    we   find,  four  years 

after  Waterloo  was  fought,  and  when  there  must  have  been 

scores   of  men    in    England    with    wounded    nerves,   a   young 

provincial    practitioner    offering    his    profession,   as   a  gift,   a 

rational  basis  for  the  healing  and  treatment  of  nerves.      Yet, 

as   the   sequel    will    show,   that    gift,   if   accepted,    was   never 

turned   to   any  practical  account  until  nearly  a  century  had 

passed.     The  seed  which  Joseph  Swan  sowed  failed  to  sprout. 

We   now   pass   on   to   an   event   which   took   place   in   the 

theatre    of   the    Royal    College    of   Surgeons — one    at    which 
Joseph  Swan  was  probably  present,  for  he  was  a  member  of 

its  Council  at  the  time  when  James  Paget,  an  East  Anglian,  with 

a  thoughtful  face,  a  piercing  eye,  sharply  chiselled  features, 

and  the  slight  stoop  of  a  student,  entered  to  give  the  first 
of    a    wonderful    series    of   lectures.      He    had    made    himself 

master  of  the  English  tongue,  so  that  his  thoughts  fell  upDn 

his  hearers  in  a  clear,  consecutive,  and  finished  and  particularly 

pleasing  sequence.     At  the  point  we  are  making  his  acquaint- 
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ance,  Paget  was  33  years  of  age,  a  young  man  as  surgeons  go ; 

he  had  just  been  appointed  assistant-surgeon  to  his  hospital, 

St.  Bartholomew's,  and  had  performed  his  first  operation  in 
private  practice.      We  have  met  him  before,  at  the  beginning 

of  the  tenotomy  movement   in  1839,  when  he  was  carrying 

out  experiments  to  discover  the  manner  in  which  union  was 
effected  between  the  ends  of  divided  tendons.     At  that  time 

he  had  already  fixed  his  attention  on  the  great  and  growing 

physiological  school  which  Johannes  Miiller  had  built  up  in 
Berlin.       He    was    quick    to    see    the    revolution    which     the 

"  cell-doctrine "   and    the    microscope    were    to    effect    in    all 
subjects  pertaining  to   the  art  of  healing.     When,  in  1842, 

his  hospital  created  a  lectureship  in  Physiology  and  appointed 
him  to  fill  it,  he  made  himself  master  of  the  best  that  the 

laboratories  of  Europe  had  to  teach.     In  the  same  year  (1842) 

he  was  selected — a  selection  as  fortunate  for  the  Royal  College 

of  Surgeons  as  for  himself — to  prepare  a  catalogue  of  the  patho- 

logical  specimens  in  the  museum — including    Hunter's   great 
collection.     That  task,  which  occupied  his  spare  hours  for  seven 

years,  brought  him  into  intimate  touch  with  the  best  work  of  a 

previous  generation.     Thus,  when  he  appeared  in  the  theatre 

of  that  College  in  1847  he  was  already  master  of  the  best  that 

the  past  and  present  could  give  him. 
We  turn  at  once  to  the  lecture  in  which  he  describes  the 

manner  in  which  a  divided  nerve  is  healed,^  "  Healini;  of 

divided  nerves,"  he  said,  "  may  be  accomplished  in  two 
methods,  which  may  be  named,  respectively,  primary  and 

secondary  union.  .  .  .  The  secondary  healing  of  dividt-d 
nerves  presents  many  features  similar  to  that  of  divided 
tendons.  A  bond  of  new  substance  is  formed,  which  connects 

the  ends  of  the  retracted  portions  of  the  nerve,  and  in  which, 

though  at  first  it  is  like  common  reparative  material,  new 
nerve  fibres  form,  and  connect  themselves  with  the  fibres  in 

the  portions  above  and  below.  Twelve  months  generally 

elapse  before,  if  ever,  any  restoration  of  the  lunction  is  ob- 

served." Thus  we  find  that  it  was  Paget's  opinion  that  nerve 
fibres  could  arise  in  the  reparative  material  which  filled  the 

^  Lectures  on  Surgical  Pathology,  ist  ed.  1853. 
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gap  in  a  divided  nerve,  and  that  such  fibres  could  effect  a  union 

with  the  original  fibres  situated  on  each  side  of  the  gap. 

In  primary  union  of  a  divided  nerve  he  believed  that  a 

totally  different  process  took  place.  If  the  divided  ends  were 

in  contact,  then  immediate  union  might  occur  between  the 

nerve  fibres  thus  brought  into  apposition,  so  that  "  the  nerve 
could  conduct  in  a  fortnight,  and  perhaps  much  less,  after  the 

wound.""  His  reason  for  believing  in  the  possibility  of  im- mediate union  of  nerves  was  founded  on  evidence  derived  from 

two  remarkable  cases,  "  A  boy,  1 1  years  old,  was  ad- 

mitted into  St.  Bartholomew"'s  Hospital,  under  Mr.  Stanley, 
with  a  wound  across  the  wrist.  Half  an  inch  of  the  upper 
portion  of  the  divided  median  nerve  lay  exposed  in  the  wound, 

and  was  distinctly  observed  and  touched  bv  Mr.  Stanley, 

myself,  and  others.  All  sensation  in  the  part  supplied  from 

the  radial  and  median  nerves  below  the  wound  was  completely 

lost  directly,  and  for  some  days  after,  the  injury.  The  edges  of 

the  wounded  integuments  were  brought  together  and  in  ten  days 

or  a  fortnight  the  boy  began  to  observe  signs  of  returnin<j- 
sensation  in  the  parts  supplied  by  the  median  nerve,  and 

these  increasing,  I  found,  a  month  after  the  wound,  that  the 

nerve  had  nearly  recovered  its  conducting  power.  AV^hen  he 
was  blindfolded  he  could  distinctly  discern  the  contact  of  the 

point  of  a  pencil  with  his  second  finger  and  the  radial  side  of 

his  third  finger ;  he  was  less  sure  when  his  thumb  or  his  fore- 

finger was  touched ;  there  were  a  few  and  distinct  small 

portions  of  the  skin  supplied  by  the  median  nerve  from  wliich 

he  still  derived  no  sensation  at  all." 

The  other  case  related  by  Paget  to  prove  the  primary  or 
immediate  union  of  a  divided  nerve  is  even  more  remarkable. 

"A  lad,  near  Market  Harborough,  13  years  old,  had  his 

hand  nearly  cut  off'  at  the  wrist  joint  by  the  knife  of  a  chaff- 
cutting  maciiine ;  tiie  hand  was  attached  to  the  forearm  by 
only  a  portion  of  integument  about  an  inch  wide,  connected 
with  which  were  the  ulnar  vessels  and  nerve,  and  the  ffexor 

carpi  ulnaris  muscle — all  uninjured.  The  hand  and  arm  were 
brought  into  apposition  and  retained  firmly  with  adhesive 

plaster  and  a  splint  of  pasteboard.     The  warmth  of  the  hand 
9 
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returned ;  in  ten  or  twelve  days  after  the  injury  there  was  a 

slight  sensation  in  the  fingers,  but  in  the  thumb  none  was 
discernible  till  more  than  a  fortnight  had  elapsed.  Finally, 

the  sensation  of  the  hand  and  fingers,  and  most  of  their 

movements,  were  perfectly  restored." 
"  Now  all  this  proves,  said  the  lecturer,  "  that  the  ends  of 

the  divided  median  nerve  had  coalesced  by  immediate  union, 

or  by  primary  adhesion  with  only  an  exceedingly  small 

amount  of  a  new  substance  formed  between  them."  We  shall 
find  as  we  proceed  that  throughout  the  second  half  of  the 

nineteenth  century  cases  of  divided  median  nerve,  manifesting 

the  same  signs  as  those  narrated  by  Paget,  were  reported 

by  surgeons  and  quoted  as  evidence  of  immediate  union  of 
nerves.  It  was  not  until  the  opening  of  the  present  century 

that  the  signs  of  early  return  of  sensation  found  a  full  and 

satisfactory  explanation — not  in  an  immediate  reunion  of 
nerve  elements,  but  by  the  recognition  of  a  system  of  nerve 

fibres  which  Sir  James  Paget  and  his  successors  had  overlooked. 

Although  Paget's  theory  of  immediate  union  has  turned 
out  to  be  wrong,  it  led  him  to  suggest  a  procedure  which  has 

proved  of  real  service — namely,  the  suture  of  nerves.  As  a 

matter  of  fact,  in  1828 — almost  twenty  years  before  Paget 
conunenced  his  lectures  at  the  College  of  Surgeons — the 
practice  had  been  applied,  not  by  a  hospital  surgeon,  but  by 
a  brilliant  experimental  physiologist,  the  handsome,  courteous, 
clever  and  conceited  Marie  Jean  Pierre  Flourens.  He  was 

one  of  those  gifted,  precocious  youths  who  are  born  to  open 

up  and  explore  new  fields  of  knowledge  as  easily  as  most  of  us 

open  up  a  limited  field  of  livelihood,  liecoming  a  Doctor  of 

Medicine  at  Montpellier  in  181 '3  when  he  was  19  vears  of 
age,  he  liastened  to  Paris,  threw  Medicine  to  the  winds, 

and  joined  the  Academical  group  of  men  who  centred  round 

Cuvier,  Lamarck  and  the  elder  Geoff'roy  St.  Hilaire.  The  field 
he  chose  to  explore  was  the  obscure  and  difficult  one  relating 

to  the  physiology  of  Sensation.  IJy  deftly  planned  experi- 
ments he  demonstrated  that,  with  the  removal  of  the  cerebrum, 

all  initiative  was  lost ;  that  the  cerebellum  was  concerned  in 

the  co-ordination  of  the  muscles ;  that  tiie  semicircular  canals 
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were  for  balancing  ;  that  there  was  a  point — a  "  noeiid  vital  " 
— in  the  medulla  oblongata  which,  when  pricked,  caused 

death  ;  that  stimulation  of  the  spinal  cord  produced  move- 

ments of  muscles.  It  was  in  the  course  of  exploring  the 

functions  of  the  various  parts  of  the  nervous  system  that  he 

was  led  to  perform  a  very  cm-ious  and  instructive  experiment 

in  nerve  suture.  He  cut  the  nerves  of  a  cock''s  wino-  as  thev 
make  their  exit  at  the  shoulder  and  sutured  the  trunk  which 

passes  along  the  flexor  aspect  of  the  wing  to  the  root  of  the 

extensor  nerve ;  while  the  ner\e  which  supplies  the  extensor 
muscles  he  sutured  to  the  root  of  the  flexor  trunk.  At  first 

the  wing  drooped  and  was  paralytic,  but  in  time  motion  and 
control  returned.  Thus  Flourens  introduced  suture  of  nerves 

as  a  technical  procedure  ;  he  demonstrated  not  only  that  a 
divided  nerve  will  heal,  but  it  can  be  made  to  form  an  alliance 

with  a  strange  trunk.  And,  fm-ther,  that  in  time  the  central 
nervous  system  can  utilise  the  novel  nerve  paths  as  part  of  the 
machinery  for  executing  old  and  familiar  movements.  Yet, 

like  Swan's  discoveries,  those  of  Flourens — so  far  as  practical 
surgery  was  concerned — fell  dead  from  his  active  brain.  Seventy 
years  were  to  pass  before  surgeons  again  discovered  the  methods 

of  nerve  exchange  and  nerve  reimplantation  which  Flourens 

had  hit  upon  in  his  experimental  lal)oratorv.  Why  that  should 

have  been  so  is  a  puzzling  circumstance,  for  there  never  was  a 

writer  who  thought  more  clearly  and  expressed  himself  more 

emphatically  and  ostentatiously  than  did  Flourens. 

The  enigma  of  the  immediate  union  of  divided  nerves  was 

not  solved  in  hospital  wards,  Ijut  in  a  physiological  labora- 

tory. At  the  time  when  Paget  was  lecturing  in  the  theatre 

of  the  Royal  College  of  Surgeons,  Augustus  Waller,  a  young 
general  practitioner  waiting  for  patients  in  the  Kensington 
district  of  London,  was  quietly  making  observations  which 

were  destined  to  throw  an  altogetiier  new  light  on  the  nature 
of  nerve  fibres  and  nerve  union.  Waller  was  an  uncommon 

man  with  an  unusual  history.  His  father,  a  farmer  near 

Faversham,  Kent,  had,  in  a  search  for  health,  moved  his  home 

to  the  south  of  France — to  Nice ;  and  hence  it  happened, 
when   his   son   Augustus    chose  Medicine  as  a  profession,  he 



132  MENDERS  OF  THE  MAIMED 

selected  Paris  as  the  scene  of  his  studies.  He  took  his  medical 

degree  there  in  1840,  when  he  was  24  years  of  age,  being 

thus  Pagefs  junior  by  two  years,  and  in  1842  began  the  vigil 

of  a  young  practitioner  amongst  the  squares  of  Kensington. 

At  the  point  we  take  up  Waller's  history — in  1849 — Richard 
Owen,  the  Conservator  of  the  Museum  of  the  Royal  College  of 

Sura-eons,  had  iust  communicated  to  the  Royal  Society  a 

research  made  by  the  young  practitioner  in  Kensington,  on 

"•The  Minute  Structure  of  the  Papilla?  and  Nerves  of  the 

Frog's  Tongue."  From  that  paper  we  learn  that  in  the  final 
year  of  his  study  in  Paris,  Waller  had  been  caught  in  the  great 

"  cell-doctrine  "  which  at  that  time  swept  the  dissecting  rooms 
of  Europe.  He  became  acquainted  then  with  the  splendid 

opportunities  which  the  transparent  tongue  of  the  living  frog 
offers  for  microscopic  studies  and  discoveries.  And  now, 

seven  years  later,  we  find  him  again  exploring  the  frog's 
toncpue  to  discover  the  mechanism  of  taste — the  manner  in 

which  the  terminals  of  the  nerve  of  taste  are  brought  in  con- 
tact with  the  sapid  elements  of  meat  and  drink.  Looking 

through  the  microscope  he  could  trace  clearly  the  individual 

nerve  fibi'es  along  the  tongue  to  their  termination  in  the 

papillae.  But  the  tongue  of  a  living  frog,  spread  out  beneath 

the  objective  lens  of  a  microscope,  although  transparent,  is 
also  a  restless  object,  and  the  observer  had  to  adopt  means  to 

keep  it  (luiet.  Finally,  Waller  found  that  the  much  vaunted 

and  newly  introduced  anjEsthetic — ether,  accomplished  his 
object  best ;  but  he  had  tried  other  means,  and  although  he 

does  not  explicitly  tell  us  so,  we  have  no  doubt  section  of  the 

nerves  to  the  tongue  was  one  of  them.  Hence  his  purely 

anatomical  paper  of  1849  is  followed  by  a  short,  but  much 

more  important  paper  in  1850.^  He  observed  that  the  ter- 

minal fibres  going  to  the  papilla',  derived  from  nerves  which 
he  had  divided  three  days  before,  were  undergoing  a  change 
of  a  remarkable  nature.     The  axis  cylinders  of  the  fibres  and 

*  "  Experiments  on  the  section  of  the  Glossopharyngeal  and  Hypo- 
glossal Xerves  of  the  Frog,  and  Observations  on  the  Alteration  produced 

thereby  on  the  Structure  of  their  Primitive  Fibres,"  Phil.  Trans.,  1850,  vol, 
cxl.  p.  423. 
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the  m_yelin  sheath  which  surrounds  them,  and  which  are  seen 

distinctly  in  the  transparent  tongue  of  the  frog,  were  breaking 

up,  curdhng  and  becoming  mixed  together ;  by  the  sixth  day 

disorganisation  became  marked,  and  by  the  tenth  day  a 

granular  pulpy  substance  replaced  the  axis  cylinder  and  its 

myelin  sheath.  He  noted  that  the  change  ceased  at  the  point 

of  section ;  the  nerve  fibres  which  lay  within  the  nerve  trunk 

on  the  proximal  side  of  the  section  retained  their  normal 

outlines  ;  the  change  stopped  short  at  the  point  of  division, 

whether  it  was  a  motor  nerve  such  as  the  hypo-glossal  that 
was  divided  or  a  sensory  nerve  like  the  glossopharyngeal. 
Now  at  the  time  Waller  made  this  observation  nerve  cells 

were  known  and  so  were  nerve  fibres,  but  the  relation  of  the 

cell  to  the  fibres  was  not  definitely  determined,  as  we  shall 

see,  until  a  much  later  date.  From  his  experiments,  Waller 
drew  the  conclusion  that  the  moment  nerve  fibres  were 

separated  from  the  central  nervous  system,  the  part  beyond  the 

point  of  division  underwent  that  curious  degenerative  change 
which  he  was  the  first  to. observe. 

Waller's  observations  did  not  cease  with  the  discovery  of 
the  degeneration  which  goes  by  his  name ;  at  the  end  of  nine 
months,  from  the  date  of  section,  he  discovered  that  normal 

nerve  fibres  were  again  to  be  found  in  the  area  of  the  tongue 

which  had  been  the  site  of  degeneration.  He  noted  the  process 

of  regeneration  and  saw  that  it  connnenced,  immediately  after 

section,  at  the  cut  (;nd  of  the  proximal  or  central  part  of  the 

nerve  trunk  ;  he  saw  new  and  delicate  fibres  grow  out  from  tin; 

cut  ends  of  the  old  fibres  and  gradually  invade  and  replace 

the  degenerated  fibres.  Clearly  there  was  no  inunediate  union 

in  the  nerves  of  the  froix's  toni£ue.  He  went  further  :  he  noted 
that  the  process  of  nerve  reireueration  was  assisted  by  youtii 

and  by  warmth  ;  repair  took  place  more  rapidly  in  young  than 

in  adult  frogs,  and  in  the  summertime  than  in  the  winter  time. 

He  tried,  too,  the  effects  of  daily  applications  of  the  galvanic 

current  and  also  of  movement,  but  did  not  perceive  that  such 

treatment  in  any  way  accelerated  the  outgrowth  of  the  new- 
axis  cylinders. 

Thus    the    basal    law   which    must    rejiulate   the  action  of 
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every  orthopaedic  surgeon  in  the  treatment  of  nerve  injuries 

of  the  human  body  was  discovered  by  a  medical  practitioner 

while,  in  his  odd  hours,  he  was  searching  in  the  frog's  tongue 
for    the    manner  in  which    sapid    substances    are    brought   in 

contact  with  the  nerves  of   taste.     Augustus  \Valler  had  an 

eye  which  was  quick  to  detect  the  open   sesame    among  the 

appearances  presented  to  him  in  the  course  of  his  experiments  ; 

he  was  fully  convinced  he  had  discovered  a  key  which  would 

open  the  ravelled  nerve  tracts  of  the  central,  as  well  as  of  the 

peripheral    nervous    system.       Regeneration    picked    out    the 

course  of   the    most    intricate    nerve  path.     In  the  following 

year  Tiirck  demonstrated  that  Waller  was  right ;    the  pyra- 
midal   tracts,    when    they    had    been    torn    through    by    an 

apoplectic    haemorrhage,    underwent    a   degeneration    exactly 
similar  to  that  which  had  been  observed  to  occur  in  the  nerves 

of  the  frog''s  tongue.      Here  we   part  with  ̂ Valler ;  after  his 
greatest  discovery  he  abandoned  Kensington  and  practice  and 
became  a  scientific  Bedouin  in  the  laboratories    of  the  Con- 

tinent, dying  at   Geneva    in    1870,  at  the   age   of  54.     The 

secret  of  the  open  sesame   by  which  he  gained  access  to  the 

inner  recesses  of  Nature's  palaces  became  the  heirloom  of  his 
son — the  distinguished  Director  of  the  Physiological  Labora- 

tory of  the  University  of  London. 

The  events  we  have  been  considering  centre  round  the 

year  1850,  and  the  evidence  they  yielded  came  from  two 

sources — divided  nerves  of  the  human  hand,  and  divided  nerves 

in  the  frog's  tongue.  We  are  now  to  pass  on  to  1880  to 
examine  evidence  from  a  new  source — the  microscopic  ex- 

amination of  sectioned  embryos.  In  that  year  Wilhelm  His, 

Professor  of  Anatomy  in  the  University  of  Leipzig,  then  in 

his  fiftieth  year,  published  the  first  part  of  The  Anatomij  of 

the  Human  Kuibrijo,  and  Francis  Maitland  Balfour,  a  young 

Cambridge  "don"  of  29,  issued  the  first  volume  of  his 
Treatise  on  Comparative  Kmbrijoloi>\ij^  the  second  volume 

appearing  in  the  following  year,  1881.  In  ten  short  years  this 

scion  of  a  house,  whicii  hitherto  had  produced  mere  statesmen, 

created,  with  his  own  hand  and  his  own  brain,  a  new  depart- 
ment of  knowledge.     Arriving  at  Trinity  College,  Cambridge, 
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in  1871  as  a  lad  of  19,  he  had  the  good  fortune  to  fall 

under  the  spell  of  Michael  Foster,  who  set  him  to  investigate 
the  enibrvologv  of  the  chick.  We  have  seen  that  Waller 

found  a  source  of  new  knowledge  in  the  frog's  tongue ;  the 
developing  embryo  of  the  dog-fish  was  to  become  a  mine  of 
discovery  for  young  Balfour.  Later  experience  has  proved 
that  the  march  of  events  which  pass  so  obscurely  as  the 

systems  of  the  body  are  unfolded  in  the  embryos  of  higher 

vertebrates,  occur  in  the  developing  dog-fish  in  a  vivid  and 
diagrannnatic  sequence.  Balfour,  when  he  commenced  his  study 

of  the  dog-fish  embryo,  soon  recognised  that  he  had  hit  upon 
a  sure  key  to  the  puzzles  which  confronted  those  who  were 

trying  to  unravel  the  developing  processes  in  man  and  other 

•high  vertebrates.  But  for  that  fatal  accident  on  the  Alps  in 
1882,  the  story  of  comparative  embryology  in  England  would 

have  run  a  different  and  a  speedier  course. 

The  particular  part  of  Balfour's  work  which  concerns  us  at 
this  moment  is  his  discovery  of  the  manner  in  which  nerves 

arise  in  the  developing  embryo.  He  found  that  a  nerve — 

taking  an  intercostal  as  an  example — arose  from  the  embryo- 

logical  rudiment  of  the  spinal  cord  as  two  colonies  or  com- 
panies of  nerve  cells,  one  to  form  the  anterior  root  and  another 

to  form  the  posterior  root,  posterior  root  ganglion  and  sensory 

fibres.  The  cells,  as  they  migrated  outwards  into  the  body- 
wall,  laid  down  the  nerve  fibres ;  as  the  company  of  cells 

pushed  on  towards  the  ultimate  destination  of  the  nerves,  some 

of  their  members  fell  out,  became  elongated,  and,  joining  with 
neighbours,  were  thus  converted  into  a  nerve  fibre,  lialfour 

had  no  doubt  that  a  nerve  fibi'e  was  formed  by  the  union  or 

fusion  of  individual  nerve  cells.  "  The  cellular  structure  of 

embryonic  nerves,"  he  wrote,  "  is  a  point  on  which  I  should 
have  anticipated  that  a  difference  of  opinion  was  impossible. 
He  could  not  understand  how  His  and  KoUiker  could  have 

come  to  a  totally  different  conclusion. 

It  would  be  difficult  to  conceive  a  greater  contrast  than 
that  which  existed  between  the  Ijrilliant  amateur,  Francis 

Maitland  Balfour,  and  William  His,  Professor  of  Anatomy  in 

the   University   of  I^eipzig  —  the    professional    student  —  the 
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founder  of  Human  Embryology.  He  was  a  Swiss,  born  at 
Basel,  and  called  to  fill  the  chair  of  Anatomy  there  in  1857  at 

the  age  of  26.  He  commenced  the  study  of  the  developing 
chick  and  enlisted  the  services  of  the  medical  men  of  his 

native  town  to  gather  for  him  specimens  of  the  earlier  stages 

in  the  developing  human  embryo,  for  of  these  stages  medical 

men  had  no  exact  knowledge.  When  he  was  called  to  Leipzig 

in  1872  he  carried  with  him  his  lovable  ways,  his  studious 

habits,  and  his  collection  of  embryoes,  and  in  1880  began  to 

publish  a  systematic  account  of  his  researches  into  the  early 

stages  in  the  development  of  the  human  body.  He  was  not 
the  first  man  to  observe  that  the  fibres  which  constitute  the 

anterior  root  of  a  spinal  nerve  arose  as  outgrowths  or  processes 

of  nerve  cells  situated  in  the  ventral  region  of  the  embryonic 

spinal  cord,  but  he  was  the  first  who  had  worked  through 

early  stages  in  the  development  of  the  central  nervous  system 

from  end  to  end,  and  found  in  every  part  of  it  that  nerve 

fibres  arose  in  the  same  way — na,mely,  as  outgrowths  from 
nerve  cells.  He  therefore  laid  down  as  a  law  that  every  nerve 

fibre  was  the  outgrowth — was  a  process  or  part  of  a  single 
nerve  cell.  For  this  reason  it  was  as  natural  for  a  nerve  fibre 

to  degenerate  when  it  was  separated  from  the  cell  of  which  it 

formed  a  part,  as  it  was  for  a  branch  to  wither  and  die  when 

cut  off  from  a  tree.  He  admitted  that  the  outgrowing  fibres 

were  surrounded  by  a  compaiiy  of  cells  derived  from  the  central 

nervous  system  ;  but  these,  he  held,  were  merely  accessories 

or  nurses  designed  for  the  protection,  perhaps  for  the  nourish- 
ment, of  tlie  growing  fibres;  they  became  the  nuclei  of  tlie 

sheath.  W'allerian  degeneration,  it  nuist  be  admitted,  found 
a  better  explanation  from  the  observations  of  His  tlian  from 
those  of  IJalfour. 

At  the  beginning  of  the  present  century  both  His  and 

Balfour  had  their  followers.^  If  His  was  right,  then  the 
distal  part  of  a  cut  nerve  was  merely  a  vital  scaffolding 

into  which  the  budding  fibres  grew  from  the  proximal 

part ;  but  if  Balfour  was  right,  the  part  of  the  nerve  beyond 

^  See  The  Healing  of  Nerves,  by  Charles  A.  Ballanceaud  Purvcs  Stewart, 
London,  1901. 
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the  point  of  division  was  much  more  than  a  mere  scaffold- 
ing; it  was  a  potential  nerve  tract.  The  sheath  cells, 

being  the  representatives  and  descendants  of  the  neuroblasts, 

which  laid  down  the  original  nerve  fibres,  should  be  able  to 
resume  their  orimnal  function,  aijain  becoming  neuroblasts  and 

formers  of  new  nerve  fibres.  In  1904-,  Dr.  Ross  G.  Harrison, 

a  young  graduate  of  the  great  school  of  anatomy  which 

F'ranklin  Mall  had  built  up  in  Johns  Hopkins  University, 
Baltimore,  stepped  in  with  a  series  of  experiments  which 

seemed  to  prove  that  the  outgrowth  theory  of  His  was  the 

truth.  On  this  occasion  it  was  the  developing  tadpole  that 
yielded  the  crucial  evidence.  The  emio;rant  colonies  of  cells 

which  pave  the  path  of  the  outgrowing  anterior  or  ventral 

nerve  roots,  have  their  original  home  along  the  dorsal  crest  of 

the  embryonic  spinal  cord.  Harrison  removed  the  posterior 

part  of  the  dorsal  crest  from  developing  tadpoles,  and  saw 

that,  in  the  region  deprived  of  the  crest,  the  fibres  of  the 

anterior  roots  grew  out  as  usual,  but  they  were  sheathless  and 
unaccomi)anied  by  the  usual  emiixrant  cells.  These  and  other 

experiments  seem  to  settle  the  cjuestion  of  the  origin  of  nerve 
fibres  as  outgrowths  from  single  cells.  A  nerve  fibre  does  not 

arise  by  a  combination  of  cells,  but  is  the  outgrowth  or  process 

of  a  single  cell. 

We  now  return  to  the  puzzle  of  the  apparent  inmiediate 

union  of  a  divided  median  nerve  as  propounded  by  Paget.  To 

understand  how  the  matter  developed  we  have  to  know  some- 
thing about  Jean  Joseph  Emile  Lcticvant.  In  ISGT,  when 

holding  a  combined  anatomical  and  surgical  post  in  ITIotel- 

Dieu  of  Lyons — in  which  city  he  was  born  tiiirty-seven  years 

before — he  cut  the  median  nerve  high  in  the  arm  of  Joseph 
Gaillard  to  arrest  an  attack  of  tetanus,  the  result  of  a  gash  in 

the  palm.  We  suspect  that  Lctievant  was  rather  glad  to  have 

the  opportunity  of  performing  that  operation  for  the  following 

reason.  Three  years  before,  M.  Lengier,  Professor  of  Clinical 

Surgery  in  Paris,  had  created  a  sensation  by  announcing 
that  he  had  sutured  a  median  nerve  wliich  had  been  divided 

above  the  wrist,  and  that  feeling  and  motion  had  returned  in 

the  area  supplied  by  the  nerve  almost  iunnediately.     Nelaton 
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reported  that  he  had  observed  a  similar  result  in  a  case  per- 
formed in  the  preceding  year.  Pagefs  doctrine  of  immediate 

union  was  thus  regarded  as  established.  Letievant's  know- 
ledge of  anatomy  and  physiology  made  him  certain  that  an 

error  of  observation  was  being  made  by  his  colleagues  in  Paris, 

and  it  would  be  expecting  far  too  much  of  his  eminently 

human  personality  to  suppose  that  he  would  allow  to  pass 

by  unused  an  opportunity  of  exposing  the  fallibility  of  his 

metropolitan  rivals.  He  observed  in  Joseph  Gaillard  seven 

hours  after  the  operation,  when  the  ends  of  the  median  nerve 

were  still  apart,  that  there  was  both  feeling  and  movement  in 

the  area  supplied  by  the  median.  As  the  cut  ends  of  the  nerve 

were  still  apart,  it  was  plain  that  the  sensation  in  the  hand 
was  not  due  to  immediate  union.  But  he  also  noted  the 

extent  and  kind  of  feeling  that  was  present.  There  was  one 

small  area  on  the  palmar  aspect  of  the  index  finger  where  there 

was  no  sense  of  pain  even  when  a  pin  was  pushed  deeply  into 
the  flesh,  but  outside  this  anaesthetic  area  there  was  a  wide 

field  extending  almost  to  the  limits  of  the  anatomical  distribu- 
tion of  the  median  where  pressure,  or  rubbing  by  means  of  a 

paper  arrow,  was  distinctly  felt,  where  a  pin-prick  gave  rise  to 
pain,  where  very  cold  or  veiy  hot  things  were  recognised,  but 

where  the  touch  of  a  feather,  or  slighter  degrees  of  heat  and 
cold  were  not  felt.  In  this  area  of  blunted  sensation  the  two 

points  of  the  compass,  however  widely  separated,  were  felt  as 

one.  Nine  months  later  Joseph  Gaillard,  who  had  returned  to 

work,  reported  that  he  had  recovered  the  use  of  his  hand.  On 

visiting  and  examining  him  Li-ticvant  found  that  both  sensa- 
tion and  movement  were  in  reality  exactly  as  they  had  been 

after  the  operation  nine  montiis  before.  Fourteen  months 

after  the  operation  normal  sensation  and  movement  began  to 

return  to  the  median  area,  and  in  nineteen  months  recovery 

appeared  to  be  complete.  It  was  quite  evident,  so  Letievant 

inferred,  that  the  feeling  which  Paget,  Langier,  and  Nclaton 

had  observed  in  the  hands  of  their  patients  after  section  of  the 
median  nerve  was  due,  not  to  immediate  union  of  the  cut  ends, 

but  to  another  circumstance  altoircther,  namely,  that  the  area 

of  the  median  was  not  only  supplied  by  that  nerve,  but  had 
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also  an  accessory  or  supplementarv  supply.  Every  nerve  area, 

so  he  postulated,  must  have  a  supplemental  power  which 

depended  on  two  circumstances:  (1)  the  anastomosis  between 

neighbouring  nerves,  as  between  the  median  and  ulnar,  and 

median  and  radial ;  (2)  the  power  which  the  papillsis  of  the 

skin  have  of  feeling  stimuli  applied,  not  directly  to  them,  but 

at  a  distance.  "  For  instance,"  said  he,  "  I  take  the  finger  of 
Mr.  X.  between  my  index  and  my  middle  finger,  and  turning 

my  head  as  I  fix  my  attention  on  my  hand,  I  ask  Mr.  X.  to 

rub  his-  finger.  I  feel  the  rubbing ;  I  can  recognise  the  site, 

intensity,  and  direction  of  the  rub."  That  was  proof  positive 
that  the  papilhe  of  his  finger  could  recognise  stimuli  applied 

not  directly  to  them,  but  at  a  distance.  It  is  strange  that 

Letievant  should  have  so  completely  overlooked  the  fact, 

vigorously  preached  at  that  time  by  Duchenne,  that  all 

tendons  and  joints,  including  those  of  the  hand  and  fingers, 

were  richly  supplied  with  sensory  nerves. 

With  the  publication  of  his  Tra'itc  de.s  Sections  Ncrveuses 
in  187-3,  Eotii'vant  believed  he  had  killed  the  theory  of  im- 

mediate union  of  nerves,  but  thirty  years  later,  in  spite  of  his 
observations  and  criticisms  and  of  the  discoveries  of  Waller  and 

of  His,  there  were  many  surgeons  who  still  believed  in  it.  In 

the  opening  years  of  the  present  century  the  theory  of  immedi- 
ate union  was  finally  killed  and  buried  at  the  London  Hospital 

— the  hospital  which  produced  Hughlings  Jackson,  Hutchinson, 
and  Little.  Dr.  Henry  Head  was  chief  executioner.  Many 

years  of  exact  and  systematic  observation  had  led  him  to 

see  that  peripheral  nerves  contained  sensorv  fibres  of  several 

different  kinds,  subserving  different  functions.  He  and  James 

Sherren  examined  systematically  every  case  of  nerve  lesion 

which  came  within  the  walls  of  the  hospital — particularly 
cases  of  the  kind  noted  by  Paget,  Langier,  and  Nelaton,  and  on 

which  Letievant  had  founded  his  theory  of  "  supplementai'y 

supply."  They  saw  that  before  any  decision  could  be  reached, 
it  was  necessary  to  discover  the  extent  to  whicli  the  subcutane- 

ous and  deeper  tissues  had  the  power  of  recognising  stimuli 

applied  to  the  surface  of  the  hand  or  body.  One  spring  day 

in  1903,  Dr.  llem-y  Head  appeared  in  the  wards  witli  his  arm 
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in  a  sling ;  by  having  his  radial  (n.  cutaneus  antibrachii  dorsalic) 
and  external  cutaneous  nerves  divided  at  the  elbow  and  short 

segments  excised  at  the  points  of  division,  he  had  produced, 

and  carefully  mapped  out,  an  area  of  the  skin  on  the  outer 
or  radial   side  of  his  forearm  and   hand.     When   this   nerve- 

sectioned  area  of  skin  was  touched  with  the  point  of  a  pencil 

— the  test  employed  by  Paget — Dr.   Head    not    only  felt  it, 
but  could  also  tell  the  point  at  which  the  stimulus  had  been 

applied.     The  deep  parts  were,  therefore,  supplied  with  "nerves 
— nerves  of  deep  sensibility — which  could  recognise  and  locate 
the  position  of  pressure  stimuli.     But  the  skin  itself  was  in- 

sensitive to  pin-prick,  could  not  respond  to  the  compass  test 
or  detect  the  light  touch  of  cotton  wool  or  recognise  heat  from 

cold.      In  six  weeks   from  the  time  of  section  the   power   to 

recognise  pin-prick  began  to  return  to  the  skin  of  the  forearm 
and  in  200  days  it  had  extended  over  the  anaesthetic  area  in 

the  arm  ;  the  power  of  feeling  pin -pricks  was  accompanied  by 
the  ability  to  recognise  temperatures  below  freezing  point  or 

above  50°  C.     Then  at  the  end  of  a  year  the  affected  area 
of  skin  began  to  be  sensitive  to  a  new  set  of  stimuli — to  the 

"light  touch"  of  cotton  wool  and  to  lesser  degrees  of  heat 
and  cold,  and  by  the  end   of  two  years  the  whole  area  had 

regained  its    normal   power  —  discrimination    of  the  compass 

points  being  the  last  faculty  to  return.     From  that  experiment 
and  from  many  other  observations,  Dr.  Henry  Head  drew  the 
conclusion  that  peripheral  nerves  carry  at  least  three  distinct 
sets  of  fibres :  (1)  those  which  supply  sensibility  to  the  deep 

parts — to  muscles,  tendons,  joints  and  bones  ;  (ii)  a  set  which 

endowed    the   skin   with   a   k)w   or   '•  protopathic "  sensibiHtv 
— the    power  to   recognise    painful   stimuli   and   stimuli    pro- 

duced  by  the  application   of  extreme   degrees    of  heat   and 

cold;   (3)  a  set  which  supplied  the  skin   with  an  "cpicritic" 
sensibility  —  light    touch,  slighter   degrees   of  heat  and   cold, 

and   the  discrimination   of  compass  points.^      In   cases  where 

1  See  Dr.  Henry  Head's  "Marshall  Hall  Addvcss/'  Bniiii,  1905,  Part 
ex.  p.  9  ;  Henry  Head  and  James  Sherren,  "  The  Consequences  of  Injury 
to  the  Peripheral  Xerves  in  Mun,"  Brain,  1905,  Part  CX.  p.  116;  James 
Sherren,  Injuries  of  the  Nerves  and  their  Treatment,  London,  1908. 
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the  median  nerve  was  cut,  it  was  found  that  epicritic  sensi- 
bihty  was  lost  over  the  area  of  anatomical  distribution  of 

the  nerve.  Therefore  the  epicritic  supply  for  this  area  was 

contained  entirely  in  the  median  nerve.  But  it  was  otherwise 

as  regards  the  protopathic  supply  ;  it  was  lost  over  a  compara- 
tively small  extent ;  therefore  it  was  clear  that  the  median  area 

derived  a  protopathic  supply  from  neighbouring  nerves  as  well 
as  from  the  median.  When  the  median  was  cut  at  the  wrist 

the  tendons  and  joints  of  the  fingers  still  retained  their  nerves 

of  deep  sensibility  from  muscular  branches  supplied  by  the 
ulnar  nerve  in  the  hand  and  the  median  in  the  forearm,  and 

the  fingers  therefore  remained  sensitive  to  deep  pressure  or  to 

rubbing — vibration — the  nature  of  the  stimuli  applied  by 

Letievant.  With  the  publication  of  Head's  discoveries  there 
was  no  longer  any  need  to  believe  in  the  theory  of  immediate 
union  of  nerves. 

Every  step  taken  bv  a  surgeon  to  restore  continuitv  to 

a  nerve  must  be  based  on  (1)  the  discovery  by  His  that  a 

nerve  is  an  outgrowth  from,  and  part  of,  a  nerve  cell ;  (2)  the 

discovery  made  bv  Waller  that  the  part  of  a  nerve  fibre  Iving 

distal  to  the  point  of  division  always  dies  and  can  only  be 

replaced  by  an  outgrowth  from  the  end  of  the  fibre  which  lies 

proximal  to  the  point  of  division  ;  (3)  on  the  discovery  made 

by  Elourens,  elaborated  by  Philipeaux  and  ̂ 'ulpeau  in  Paris  in 
18(j3  and  onwards,  and  later,  in  Cambridge,  by  Langley  and 

Anderson,  that  if  the  proximal  end  of  one  nerve  is  sutured  to 

the  distal  end  of  another,  the  fibres  of  the  proximal  nerve  will 

invade  and  gain  dominion  over  the  area  of  the  distal  nerve  ; 

(4-)  the  path  of  outgrowing  nerve  fibres  must  be  paved  with 
living  sheath  cells. 

These  discoveries  have  been  utilised  in  many  different  ways 

to  restore  movement  to  groups  of  paralysed  muscles.  In  1895, 
Ballance  sutured  the  trunk  of  a  paralysed  facial  nerve  to  the 

proximal  end  of  that  part  of  the  spinal  accessory  which 

supplies  the  nuiscles  of  the  neck  and  shoulder.  In  time  the 

messages  which  formerly  passed  to  the  shoulder  Ijegan  to  reach 

the  muscles  of  the  face.  The  principle  represented  by  that 

opeiation  has   been  extended    to    many   parts   of  the    body. 
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To  mend  a  wide  gap  in  a  torn  or  divided  nerve,  a  bridge 

or  scaffolding  of  a  very  definite  kind  has  to  be  inserted 

before  the  budding  nerve  fibres  from  the  proximal  side  of  the 
lesion  can  be  induced  to  cross  and  so  reach  the  distal  trunk. 

The  scaffolding  must  supply  sheath  cells  of  a  living  nerve — a 
nerve  derived  from  the  patienfs  own  body  or  from  the  body  ot 

another  man  or  woman.  In  1876,  Albert  attempted  to  mend 

a  gap  in  the  median  nerve  by  inserting  a  segment  cut  from  the 

tibial  nerve  of  an  amputated  limb — a  procedure  which  Mayo 
Robson  successfully  carried  out  in  1888.  From  a  theoretical 

point  of  view  the  segment  of  nerve  which  is  introduced  to  make 

good  a  gap,  should  be  composed,  not  of  intact,  but  of  fibres 

which  have  already  undergone  degeneration  in  consequence  of 

division.  It  is  a  degenerated,  not  a  normal  nerve  which  affords 

a  suitable  scaffolding  or  bridge  for  the  fibres  which  grow  out 

from  the  distal  end  of  the  injured  nerve  trunk  to  repair  a  gap 

or  breach.  Hence  it  is  a  nerve  which  has  already  undero-one 

degeneration  that  we  should  use  as  a  nerve-graft. 

We  have  seen  that  Joseph  Swan  discovered  the  well-known 
fact  that  part  of  a  motor  nerve  may  be  cut  through  and  yet 

there  may  be  no  apparent  loss  of  movement  in  the  parts  supplied 

by  that  nerve.  'J'his  fact  has  also  been  utilised  and  is  capable 
of  extension.  A  partial  section  of  a  healthy  nerve  trunk  sets 

free  a  number  of  proximal  nerve  fibres  to  which  a  paralysed 

nerve  may  be  attached  and  into  which  the  budding  fibres  from 

the  proximal  or  parent  trunk  will  grow  and  in  time  conduct 

messages  from  the  central  nervous  system.  Thus  we  see  that 

our  orthopaedic  practice,  so  far  as  the  treatment  of  nerve  in- 
juries is  concerned,  rests  on  a  century  of  laboratory  experiment 

and  clinical  observation. 



CHAPTER   IX 

THE  INTRODUCTION  OF  TENDON 

TRANSPLANTATION 

In  this  chapter  transplantation  of  tendons  is  discussed  as  a  measure 

which  the  surgeon  ma}-  adopt  if  nerve  suture  fails.  The  idea  of  trans- 
planting the  tendon  of  a  healthy  muscle  so  as  to  perform  the  work  of  one 

which  is  permanently  disabled,  dates  back  only  to  1881,  while  V'anghetti's 
idea  of  utilising-  the  muscles  of  stumps  as  the  source  of  motor  power  for 
artificial  limbs  is  even  more  recent,  having  been  first  put  into  practice  in 
1896. 

THE  human  body  is  a  machine  built  up  of  a  complex  series 

of  levers  which  are  driven  by  engines  of  a  peculiar 

type.  We  have  seen  that  these  engines  are  under  the  direct 

control  of  certain  nerve  cells — "  driver  ̂   cells — situated  in  the 
spinal  cord,  and  that  the  drivers  are  connected  with  the 

engines  by  a  prolongation  of  their  bodies,  which,  for  the 

sake  of  continuing  the  simile,  we  may  call  an  arm,  and  its  end 

plate,  a  hand.  When  these  arms  are  cut  or  broken  by  a  gun- 
shot wound  the  entfines  to  which  thev  reach  are  brou<rht  to 

a  standstill.  In  the  previous  chapter  we  have  been  examining 

the  conditions  under  which  the  lopped-off"  arms  of  the  driver 
cells  may  be  reproduced.  We  found  that  if  a  continuous 

path  of  sheath  cells  could  be  provided  and  the  engines  kept 

in  a  true  state  of  rest,  we  have  every  reason  to  expect  that  the 

missing  arms  will  again  reach  and  control  their  muscular 

machines.  At  the  same  time  the  arms  of  the  signaller  cells, 

situated  in  the  posterior  root  ganglia,  must  also  reach  their 

stations  in  the  paralysed  muscle,  for  without  a  due  and 

prompt  supply  of  signals  the  driver  cells  can  exercise  no 

effective  degree  of  control. 

If,  however,    our  efforts  to  establish    a    nerve  path   to  a 
M3 
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muscle  fail,  or  if  nerve  repair  is  an  impossibility,  what  are 

we  to  do  ?  Let  us  take  the  case  where  the  musculo-spiral 
nerve  has  been  destroyed  by  an  extensive  wound  in  the  region 

of  the  lower  part  of  the  humerus.  All  the  muscular  engines 

which  extend  the  wrist,  the  thumb  and  fingers,  become  useless 

and  Nature  proceeds  to  scrap  them.  The  wrist  becomes  per- 

manently "  dropped  "  and  the  fingers  fixedly  clinched,  unless  we 
restrain  their  healthy  opponents  situated  in  the  flexor  side  of 
the  forearm.  Here,  then,  we  have  a  forearm  furnished  with 

ruined  engines  on  one  side  and  provided  on  the  other  with  a 

superfluity  of  machines  in  prime  order  but  rendered  useless 

because  they  have  no  opponents.  Unless  we  can  provide 

the  healthy  flexor  engines  with  antagonists  Nature  will 

ultimately  scrap  them  too.  One  would  not  think  that  it 

required  a  high  order  of  genius  to  perceive  the  possibility  of 

yoking  the  traction  piston  of  the  destroyed  extensor  engines 

to  some  of  the  superfluous  healthy  flexor  engines,  thus  re- 
establishing a  balanced  action  at  the  wrist  and  in  the  fingers, 

but,  as  we  shall  see,  such  a  transfer  is  one  of  the  latest  dis- 
coveries in  orthopjiedic  surgery. 

In  the  beiiinnino;  of  1881  there  came  to  the  clinic  of 

Professor  V.  Dumreicher,  in  Vienna,  a  lad,  Joseph  N.,  aged 

16,  wlio  had  suffered  in  infancy  from  infantile  paralysis, 

which  ultimately  left  the  muscles  of  the  calf  of  the  right  leg, 

and  the  deep  flexor  muscles  under  them,  hopelessly  paralysed, 

while  the  muscles  in  front  and  on  the  extensor  aspect  retained 

a  full  degree  of  action.  The  result  was  that  the  foot  had 

become  dorsi-Hexed,  and  walking  was  done  by  applying 
tiie  limp  heel  to  the  ground.  The  case  fell  for  study  and 
treatment,  as  others  of  the  same  kind  did,  to  Dr.  Karl 

Nicoladoni,  assistant  in  the  clinic,  a  native  of  Vienna,  and  at 

that  time  on  the  point  of  being  transferred  to  Innsbruck  as 

Professor  of  Surgery.  In  1881  lie  was  already  a  man  of  34 

with  a  long  experience  of  orthopjudic  cases.  He  was 

interested  in  the  surgery  of  tendons,'  being  an  advocate  of 
their  careful  suture  in  all  wounds — particularly  those  of  the 
wrist  and  hand.  In  the  case  of  Josepli  N.,  Dr.  Nicoladoni 

1  "  Ein  Vorschlag  zur  Sehnennaht."  Wieit.  med.   Woch.,  i88o,  p.  1406. 
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conceived  the  idea  of  redressing  the  deformed  and  unbalanced 

foot  by  joking  the  healthy  pei'oneal  muscles  to  the  heel.^ 
Hence  on  the  15th  of  April  1881  he  raised  a  triangular  flap 

of  skin  from  the  outer  side  of  Joseph's  leg  and  ankle,  thus 
exposing  the  tendons  of  the  two  peroneal  muscles  in  the 
malleolar  region  and  the  tendo  Achillis  for  some  distance 

above  the  heel.  He  divided  the  peroneal  tendons  on  the 

outer  side  of  the  foot,  separated  them  from  the  fibula  for 
some  distance  and  then  drew  them  across  towards  the  heel 

and  sutured  them  within  a  cleft  in  the  tendo  Achillis,  The 

wound  did  not  heal  up  satisfactorily  ;  and,  unfortunately,  while 

the  case  was  still  under  treatment,  he  had  to  take  up  his  new 

post  in  Innsbruck.  At  first  the  peroneal  muscles  appear  to 

have  answered  Dr.  Nicoladoni's  anticipations,  but  latterly 

they  broke  down,  and  in  the  light  of  recent  expei'ience  we  can 
suess  the  cause  of  the  failure.  Muscles  at  any  time  are 

really  very  delicate  machines,  and  those  which  have  undergone 

the  severe  damage  that  necessarily  attends  transplantation 

need  protection  from  force  and  stress  of  all  kinds  and  the 
most  careful  nursing  for  a  long  period  before  they  are  fit  for 

daily  use.  The  cause  of  the  failure  in  Dr.  Nicoladoni's  first 
case  may  be  attributed  to  the  want  of  after-treatment. 

As  so  often  happens  with  the  efforts  of  the  pioneer  this 

well-conceived  experiment  by  Dr.  Nicoladoni  passed  unnoticed. 
So  little  attention  had  it  attracted  in  the  surgical  world  that 

when  in  1892  Dr.  B.  F.  Parrish  of  New  York  jierformed  an 

operation  of  a  somewhat  similar  kind,  he  had  every  reason  to 

believe  that  he  had  introduced  a  procedure  which  was  new 

to  orthopa'dic  surgerv."  Dr.  Parrislfs  operation  was  carried 
out,  lotii  May  1895^,  on  a  girl  almost  4  years  of  age— eleven 

years  after  Nicoladoni's.  In  her  first  year  the  patient  had 
been  the  subject  of  infantile  paralysis,  which  left  both  her 

anterior  and  posterior  tibial  muscles  useless  and  the  arch 
of  her  foot  flattened.      Dr.   Parrish  observed   that   although 

'  "  Nachtrag  zur  Pes  Calcaneus  unci  zur  Transplantation  cler  I'eroneal 

Zehnem,"  Arch./,  klin.  Chir.,  1882,  Bd.  xxvii.  p.  660. 

-  "  A  New  Operation   for  Paralytic  Talipes,"  New  York  Med.  Journ., 
1892,  vol.  Ivi.  p.  402. 
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the  tibialis  anticus  was  paralysed  the  muscle  which  lies  on 

its  outer  side — the  extensor  of  the  great  toe — possessed  a 
full  degree  of  activity,  and  he  therefore  conceived  the  idea 

of  yoking  the  active  to  the  passive  tendon,  so  that  the 

power  which  should  have  been  spent  by  the  extensor  longus 

hallucis  on  the  great  toe  would  be  exerted  on  the  inner  side 
of  the  flattened  tarsal  arch.  He  therefore  made  a  vertical 

incision  in  front  of  the  leg  and  above  the  ankle,  thus  exposing 

the  active  and  passive  tendons  where  they  lie  almost  side  by 

side.  He  freshened  the  adjacent  borders  of  the  tendons  and 

sutured  them  together  and  enclosed  the  leg  and  foot  in  a 

bandage  of  plaster  of  Paris.  The  result  was  successful,  and 
at  the  conclusion  of  his  account  of  the  case  Dr.  Parrish  shows 

us  that  he  had  appreciated  to  the  full  the  wide  application  of 

the  principle  on  which  he  had  based  his  operation.  "  How- 

ever," he  wrote,  "  the  most  important  principle  of  grafting 
tendons  and  having  a  live  muscle  to  do  the  work  of  a  dead 

one  is  that  which  I  wish  to  particularly  establish  in  this 

article." 
In  the  last  decade  of  the  nineteenth  century  orthopaedic 

surgeons  took  much  to  heart  the  sad  case  of  the  children  who 

had  suffered  from  infantile  paralysis  and  sought  by  every 

means  in  their  power  to  remedy  their  deformities.  Pre- 
cautions to  prevent  weakened  muscles  from  being  overcome  by 

overstrong  healthy  opponents  and  perseverance  in  re-education 
of  muscles  proved  to  be  really  efficient  means,  but  nerve  suture, 

and  particularly  tendon  transplantation,  as  devised  by  Nicola- 
doni  and  by  Parrish,  were  found  to  be  of  great  assistance  in 

nianv  cases.  In  1897  Bradford  ̂   of  Boston  <;ave  an  accoimt  of 

twenty-seven  operations  in  which  he  had  transplanted  tendons 

— "  tenoplastic "  operations,  as  he  t  named  them;  in  1899 
Professor  Vulpius^  of  Heidelberg  was  able  to  find  published 
records  of  thirtv  cases ;  in  1899  Sir  Robert  Jones  and 

Mr.  Tubby  gave  an  account  of  fourteen  operations  in  whicli 

they  had  successfully  transplanted  tendons  ;  in  1908  Bradford 

^  Ed.   H.    Bradford,    "  Tenoplastic  Surgery,''  Anna/s  of  Surgery,  1897, 
vol.  xxvi.  p.  153. 

-  Trans.  Amer.  Ass.  Orthop.  Surg.,  1S9S,  vol.  xi.  p.  439. 
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and  Souttar  gave  a  list  of  500  cases.  Thus  we  see  that 

once  the  operation  of  tendon  transplantation  was  introduced 

it  spread  like  wildfire  through  the  orthopaedic  establishments 

of  the  world. ^ 

It  promises  to  be  equally  serviceable  in  military  orthopaedic 

hospitals.  As  experience  of  the  operation  increased,  modifica- 
tions were  introduced.  Instead  of  exposing  an  extensive  field 

of  operation,  as  was  originally  done  by  Nicoladoni,  well-placed 

incisions,  of  a  button-hole  type,  made  over  the  sites  of  tendon- 
section  and  suture  were  made  to  serve  the  needs  of  the  operator. 

A  new  course  was  made  for  the  transplanted  tendon  by  tunnel- 
ling in  the  tissues  from  one  incision  to  another.  Devices 

were  employed  to  prolong  the  transplanted  tendon — ^if  it 
proved  too  short.  Professor  I.ange  of  Munich  introduced 

leashes  of  silk  ligature  for  this  purpose.  It  was  found  that 

the  transplanted  insertion  did  better  when  grafted  to  the  bone 

and  periosteum  than  when  sutured  to  the  tendon  stump  of  a 

paralysed  muscle.  We  see  an  example  of  direct  implantation 

in  the  operation  which  Mr.  Tubby  devised  and  carried  out  in 

1901  to  restore  the  power  of  supination  in  a  case  of  spastic 

paralysis  of  certain  muscles  of  the  arm  ;  he  separated  the 

insertion  of  the  pronator  teres  from  the  flexor  aspect  of  the 

radius,  brought  the  muscle  through  the  interosseus  space  and 

implanted  it  on  the  dorsal  or  extensor  aspect  of  the  Yadius, 

thereby  converting  it  from  a  pronator  to  a  supinator  of  the 
forearm. 

Experience  in  the  dissecting  room  leaves  the  student  with 

an  impression  that  muscles  are  hardy  structures  and  capable  of 

being  easily  shifted.  The  truth  is  exactly  the  opposite  ;  muscles 

are  amongst  the  most  delicate,  most  higldy  organised  of  all  the 
tissues  of  the  body,  and  to  move  them  successfully  irreat  judir- 

ment  and  patience  are  required.  Every  bone  in  the  body  is 
shaped  so  as  to  serve  the  functions  of  its  situation  ;  if  it  become 

displaced  in  its  relationship  to  other  bones  or  changed  in  shape, 

'  The  early  history  of  tenoiilastic  surgery  may  be  found  in  Mr.  A.  II. 

Tubby's  Text  Book  of  Orthopcedic  Surgery,  1912,  and  more  fully  in  Tlie 

Treatment  of  Infantile  Paralysis,  by  Oskar  V'ulpius.  Translated  b\-  A.  H. 
Todd,  1912. 
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even  to  a  slight  degree,  its  living  cells,  the  osteoblasts,  at  once 

commence  to  remodel  and  adapt  it  to  serve  its  functions 

under  the  altered  conditions.  That  truth,  as  Mr.  Morley 

Roberts  has  pointed  out,  is  equally  applicable  to  muscles. 

Every  fibre  of  a  muscle  is  set,  fixed,  and  arranged  according 

to  a  normal  line  of  action  ;  if  we  change  the  line  of  action  of  a 

muscle  then  every  fibre  of  that  muscle  has  to  undergo  a 

readjustment  to  answer  the  new  conditions  of  work  ;  the  more 

we  alter  the  line  of  action  the  greater  burden  do  we  thi'ow  on 
this  power  of  adaptation  which  is  inherent  in  every  muscle.  If 

the  line  of  action  is  altered  too  much,  a  point  is  reached  when 

adaptation  becomes  impossible  and  degeneration  sets  in  and 
the  muscle  is  reduced  until  it  becomes  a  mere  ligament.  The 

degree  to  which  the  line  of  traction  is  altered  must  be  made 

a  matter  for  consideration  in  every  operation  of  tenoplastic 

surgery.  Let  us  take  an  example — a  case  where  we  wish  to 
make  the  peroneus  brevis  serve  in  place  of  a  paralysed  tibialis 

anticus.  The  fibres  of  the  peroneus  brevis  are  arranged  to 

act  in  a  line  of  traction  represented  by  the  axis  of  the  fibula. 

If  the  tendon  of  the  peroneus  is  brought  across  the  front  of 

the  ankle  and  planted  in  the  inner  side  of  the  arch  of  the 

foot,  then  the  line  of  traction  is  so  changed  that  its  fibres 

have  to  undergo  a  rearrangement  to  suit  the  new  conditions — 

one  which  is  probably  beyond  their  adaptative  power. 

Another  principle  we  have  to  keep  in  mind  is  that  of 

balance.  Muscles  are  reciprocal  engines  which  are  only  effective 

when  rightly  coupled.  If  we  set  a  TOO  li.p.  engine  against 

a  1  h.p.,  unless  we  give  the  latter  a  due  advantage  in  leverage, 

the  weaker  engine  will  be  (|uickly  destroyed  by  the  stronger. 

Let  us  take  the  case  of  a  soldier  whose  external  poi)liteal  nerve 

has  been  destroyed  beyond  repair  and  in  whom  the  dorsi-flexors 
of  the  foot  are  paralysed.  AVith  a  view  of  replacing  them  we 
bring  the  tendon  of  tlie  tibialis  anticus  through  between  the 

tibia  and  fibula,  suture  it  to  the  dorsum  of  the  foot  and  thus 

convert  it  into  a  dorsi-flexor  of  the  foot.  Even  if  our  opera- 
tion is  successful  we  are  not  likely  to  attain  our  ultimate  aim, 

because  the  weak  muscle  thus  transplanted  cannot  withstand 

the  overwhelming  strength  of  the  muscles  of  the  calf  against 



TENDON  TRANSPLANTATION  149 

which  we  have  pitted  it.  In  all  tenoplastic  operations  we 

must  try  to  secure  a  transplant  \\hich  is  sufficiently  strong  to 
serve  as  an  antaoonist. 

In  designing  a  tenoplastic  operation  the  nourishment — the 

blood-supplv  of  the  muscle  and  tendon — becomes  a  matter  of 

first  importance.  How  far  a  transplanted  tendon  has  ulti- 

mately to  undergo  a  reorganisation  of  its  substance  in  con- 
sequence of  damage  done  to  its  circulation  by  the  operation 

we  have  no  certain  evidence,  but  from  what  we  know  of  bone 

and  other  grafted  tissues  it  is  possible  that  to  a  certain  extent 
it  may  only  serve  as  a  scaflfbldinn;  on  which  a  new  tendon  is 

organised.  The  blood-supplv  of  the  part  of  the  tendon 
adjacent  to  the  muscle  will  likely  remain  undamaged  so  long 
as  the  vessels  of  the  muscle  itself  remain  intact.  Of  much 

more  importance  than  the  blood-supply  of  the  tendon  is  the 
supply  of  the  muscle  itself;  if  once  the  myogenic  cells  of  a 

muscle  or  part  of  a  muscle  are  killed  by  a  "blood  starvation," 
death  of  that  muscle  or  that  part  is  final  and  complete. 

To  trace  the  beginning  of  our  knowledge  concerning  this 

"  ischaemic "  disaster  which  sometimes  overtakes  muscles,  we 
have  to  visit  Halle  during  the  years  which  followed  the  close 

of  the  Franco- Prussian  War.  Richard  von  Volkmann,  who 
had  served  as  consulting;  surgeon  to  several  armies  during  that 

war,  had  then  returned  to  his  pi-ofessorial  chair,  a  man  of  41. 
As  an  orthopaedic  surgeon,  he  was  particularly  interested  in 
the  surgical  disorders  of  muscles.  He  noted  that,  in  cases 

of  fracture  of  the  forearm  or  of  excision  of  the  elbow,  a 
distinctive  form  of  contracture  of  the  muscles  of  the  forearm 

was  apt  to  occur.  The  contracture  was  such  that  in  a  few 

weeks  the  wrist  became  acutely  flexed  and  fixed  and  the 

fingers  clenched  "  until  even  the  nails  were  drawn  into  the 

fiesh  of  the  palm/'  He  found  the  contractured  muscles  be- 
came as  resistant  as  if  they  had  been  composed  of  sodden 

leather ;  he  observed  that  neither  the  administration  of 

chloroform  nor  the  a))plication  of  force  could  undo  the  de- 
formity of  the  liand.  He  also  noted  tliat  tiie  contracture 

usually  appeared  in  fractured  forearms  which  had  been  bound 

too  tightly  in  splints,  and  suspected  that  an  interruption  of 
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the  blood-supply  to  the  affected  muscles  was  the  cause  of 

their  contracture.  The  breaking  up  of  the  contractile  sub- 
stance in  these  muscles  resulted,  he  believed,  from  the  de- 

privation of  oxygen  consccjuent  on  the  arrested  blood-supply 
from  compression.  He  inferred  that  contractured  muscles 

were  muscles  which  had  been  asphyxiated,  killed,  and  there- 

fore had  undergone  a  "  rigor  mortis "  within  the  living  fore- 
arm. The  connective-tissue  elements,  which  survived,  then 

underwent  a  reaction  and  multiplication,  for  they  had  to  deal 

with  the  masses  of  dead  mvoc'cnic  substance  which  surrounded 
them.  \Mien  a  muscle  of  a  living  animal  was  shut  off  from 

its  circulation  by  ligature  of  its  vessels  for  a  period  of  six 

hours.  Von  Volkmann  found  that  disintegration  of  the 

muscular  substance  took  place — varying  in  its  intensity 

according-  to  the  lenicth  of  time  and  the  extent  to  which  it 

had  been  deprived  of  its  blood-supply.  Further  experience 

has  proved  the  truth  of  V^on  Volkmann's  conclusions.  In  every 
tenoplastic  operation  the  blood-supply  of  the  muscle  must 
receive  the  most  careful  protection.  A  muscle  is  no  more 

capable  of  contracting  if  deprived  of  its  blood-supply  than 
an  internal  combustion  engine  is  capable  of  working  when  its 

stream  of  aerated  petrol  is  cut  off.  Nor  can  we  conceive  the 

possibility  of  transplanting  or  grafting  a  muscle  or  part  of  a 

muscle  because  we  have  no  means  at  our  disposal  of  ensuring 

an  efficient  supply  of  blood  to  a  muscle  graft.  If  such  a  graft 

or  transplant  were  to  hold,  only  its  shell,  not  its  contractile 
substance,  would  survive. 

It  is  not  necessary  to  mention  the  safeguarding  of  the 

nerve  supply  of  the  re-inserted  muscle — its  triple  nerve  supply 
of  motor,  sensory,  and  vascular  nerve  fibres.  Neither  muscle 

fibres  nor  nerve  fibres  must  be  subjected  to  stress  during  the 

liealing  period  that  follows  a  tenophistic  operation.  If  there 

exists  a  deformity,  that  deformity  nuist  be  reduced  before  the 

tendon  is  transplanted.  The  deformity  must  be  over-corrected 

so  that  the  transplanted  tendon  and  its  muscle  may  be  main- 
tained in  a  relaxed  condition  while  the  damage  from  the 

operation  is  repaired. 

Professor  Lovett  of  Boston  has  rightly  en)phasised  the  fact 
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that  the  tenoplastic  operation  itself  is  a  minor  part  of  a 

surgical  campaign  which  aims  at  restoring  movement  to  a  joint. 

The  process  of  re-education  is  the  most  important  phase  of 
the  treatment.  Suppose,  for  example,  that  we  are  dealing 

with  a  case  of  hopeless  paralysis  of  the  muscles  supplied  by 

the  musculo-spiral  nerve  in  the  forearm,  and  that,  to  provide 
the  power  of  extension  to  the  fingers,  we  have  yoked  the  flexor 

carpi  ulnaris  to  the  extensor  tendons  of  the  digits.  Hitherto 

the  central  nervous  system  of  the  patient  has  been  accustomed 

to  deal  with  the  flexor  carpi  ulnaris — to  receive  messages  from 

it  and  dispatch  orders  to  it — as  part  of  the  mechanism  con- 
cerned in  wrist  movements  and  in  wrist  fixation.  Formerly, 

when  the  fingers  were  extended  the  flexor  carpi  ulnaris  came 

into  action  as  a  fixator  of  the  wrist,  but  after  transplantation 

it  has  to  play  the  part  of  active  extensor  of  the  fingers.  Before 

the  operation,  the  brain  had  to  drive  it  as  a  member  of  the 
flexor  team  of  muscles  ;  now  it  has  to  drive  it  as  a  member  of 

the  extensor  team,  which  requires  a  readjustment — a  re-educa- 
tion of  the  central  muscle-drivino;  mechanism.  Re-education 

demands  not  only  patience,  perseverance,  but  also  intelligence 

on  the  part  of  the  patient^rcquires  months  of  repeated  trial 

and  failure  before  proficiency  begins  to  come.  The  success- 
ful transplantation  of  a  tendon  depends  on  the  skill  of  the 

surgeon,  but  the  successful  restoration  of  movement,  which  is 

the  aim  of  every  tenoplastic  ojoeration,  depends  on  the  intelli- 

gence and  will-power  of  the  patient. 
Nature  has  shown  remarkable  ingenuity  in  providing  means 

to  obviate  friction  during  the  action  of  a  muscle.  The  muscle 

itself  is  slackly  fixed  within  its  sheath,  its  fibres  are  set  so  that 

they  can  glide  on  each  other ;  the  tendon  is  surrounded  by 

loose  connective  tissue  or  by  a  synovial  sheath.  The  injury 

which  attends  the  transplantation  of  a  tendon  necessarily 
leads  to  the  formation  of  adhesions  and  some  degree  of 

fixation.  Hence  the  inqjortance  of  conunencing  the  process 
of  re-education  and  of  movement  of  the  tendon  as  soon  as 

possible  after  the  operation. 

Closely  allied  to  tenoplastic  operations  are  those  performed 

on  the  stumps  of  amputated  limbs  in  order  that  nuiscles  which 
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would  otherwise  waste  and  disappear  may  be  utilised  as  a 

source  of  motor  power  for  artificial  limbs.  Transplantation 

of  tendons  is,  as  we  have  seen,  a  procedure  initiated  by 

Nicoladoni  in  1881,  but  the  "  kinematisation  of  stumps""  is 
even  of  more  recent  origin,  dating  back  only  to  1896.  The 

second  Italian  campaign  in  Abyssinia  was  then  at  an  end, 

the  disastrous  battle  of  Adowa  had  been  fought,  and  many 
Italian  soldiers  who  had  lost  a  limb  in  the  savage  rigours  of 

that  campaign  were  returning  home  to  be  fitted  with  artificial 

substitutes.  In  many  cases  the  Abyssinians  mutilated  their 

prisoners  by  cutting  ofl'  the  right  hand.  Now,  any  substitute 
for  a  normal  limb,  unless  it  be  a  bucket  and  stump  fitted  as  a 

walking  support,  must  be  capable  of  performing  certain  move- 
ments, and  these  movements  must  be  under  the  control  of  the 

wearer.  Dr.  Giuliano  Vanghetti,  an  Italian  physician,  wishing 

to  do  something  to  ameliorate  the  condition  of  his  hapless 

countrymen,  conceived  the  idea  of  using  the  muscles  of  the 

stump  as  a  source  of  driving  power  for  artificial  limbs — 
particularly  as  the  moving  force  for  an  artificial  hand.  In 
the  forearms  of  these  men  there  were  still  the  intact  muscles, 

formerly  the  means  of  winning  a  livelihood,  but  now  useless 

because  they  had  been  rendered  leverless.  The  problem  which 

this  Italian  physician  had  to  solve  was  not  one  of  inventing 

appropriate  and  simple  forms  of  digital  levers,  but  the  much 
more  difficult  one  of  devisinc;  a  means  bv  which  the  muscles 

could  be  yoked  to  such  levers.  His  first  idea  was  to  isolate 

the  distal  and  tendinous  part  of  a  nuisde  and  enclose  them 

with  a  covering  of  skin — thus  producing  a  retractile  muscular 
polypus  situated  on  or  near  the  terminal  end  of  the  stump. 

It  was  to  the  neck  of  such  a  peg-shaped,  nuiscular  mass — a 

clava,  as  he  named  it — that  he  proposed  to  attach  the  cord 
by  which  the  artificial  finger  was  to  be  move<l.  Two  or  more 

clava>  could  be  elaborated  on  the  same  stump.  Dr.  Vanghetti's 
next  step  was  to  unite  the  free  ends  of  two  of  these  clava*,  thus 
forming  a  muscular  loop  or  ansa,  through  which  the  driving 
cord  could  be  drawn. 

Dr.    Vanghetti    was    a    physician,   and    therefore    had    no 

opportunity  of  applying  his  idea,  nor  could   lie  prevail  upon 
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any  surgeon  to  put  his  plan  into  practice.  Hence  in  1898  ̂  
he  published  a  work  setting  out  the  theory  of  such  operations, 

but  it  failed  to  attract  the  attention  of  orthopaedic  surgeons. 
In  1899  he  again  published  his  idea,  which  had  developed  in 

the  meantime  as  the  result  of  experimental  investigations.  On 

this  occasion  he  was  fortunate  enough  to  enlist  the  interest  of 

Professor  Ceci,  who,  in  1905,  was  able  to  publish  an  account 

of  the  first  case  in  which  the  N'anghetti  operation  had  been 
applied.  Professor  Putti  did  his  first  kineplastic  operation  in 

1911  ;  by  the  end  of  1914'  about  twenty  patients  had  been 

operated  on.  mostly  in  Italy.  Then  with  the  outbreak  of  war 

the  technique  of  the  operation  was  further  elaborated  by 

Professor  Sauerbruch  of  Zurich  and  by  Italian  surgeons.  It 
was  Sauerbruch  who  introduced  the  method  of  tunnelling  the 

movable  cap  or  "plastic  motor"  of  the  stump. 
One   basal    principle    Dr.    Vanghetti    had    to    observe :    a 

muscle,  or  a  group  of  muscles,  can  act  only  if  provided  with 
an  antaf<:onistic  force.     If  a  muscle  contracts  it  can  only  a,ct 

acrain  if  it  has  been  elonijated — either  by  gravity,  or  better, 

by  the  counteraction  of  an  opposing  muscle  or  group  of  nuiscles. 

He  had   to   design  a  method  of  coupling  the  extensors  and 

flexors  of  the  forearm  so  that  they  could  act  as  antagonists 

to  each  other;  tliat  was  ultimately  done  by  uniting  them  in 

the  stump  and  making  the   cap  of  the  stump  movable.       If 

short  distal  segments  of  the  radius  and  ulna  were  separated 

and  included  in  the  cap  of  the  stump,  so  that  a  false  form 

of  wrist-joint  was  created  between  the  cap  and  the  forearm, 

then  the  muscles  of  the  forearm   were  provided  with  a  means 

of  producing  opposed  flexor  and  extensor  movements.     The 

problem  of  obtaining  a  plastic  motor  or  movable  stump-cap 
havinir  been  solved,  the  next  difficulty  wiiich  had  to  be  over- 

come    was    the    fixation    of   the   driving   cords — the   artificial 

tendon  of  the  digital   levers — to  the  cap.     That,  as  we  have 

'  For  an  account  of  the  early  history  of  kinematisation  of  stumps,  see 

Dr.  Vang-hetti's  "  Progress!  Attuali  Delia  Plastica  Cinematica,"  La  chirirgia 
degU  organi  de  Movements,  edited  by  Dr.  \.  Putti,  191 7,  vol.  i.  p.  71. 
See  also  lecture  by  Dr.  Putti.  Bril.  Med.  Joiirn.,  igi8,  vol.  i.  p.  635.  Also 

an  account  of  the  operation  s;i%en  by  a  suri^eon  in  the  Brif.  Med.  Jotirn., 
1918,  vol.  ii.  p.  68. 
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seen,  can  be  accomplished  in  one  of  three  ways — by  forming 
a  peg  or  clava ;  a  loop  or  ansa ;  or  by  tunnelling  the  muscular 

mass  and  then  lining  the  tunnel  with  skin.  By  means  of  a 

bit  inserted  in  tlie  dermal  tunnel,  the  di'iving  cords  of  the 
digits  can  be  yoked  and  driven.  As  in  tenoplastic  operations, 

the  patient  has  to  pass  through  a  long  and  tedious  process 
of  re-education. 

The  idea  of  kineplastic  surgery  which  Dr.  Vanghetti 

first  conceived  in  1896  did  not  find  favour  with  orthopaedic 

surgeons.  But  with  the  outbreak  of  war,  conditions  suitable 

for  the  application  of  a  Vanghetti  operation  became  only  too 

common.  Dr.  V.  Putti,  Professor  of  Orthopjedic  Surgery  in 
the  University  of  Bologna  and  director  of  the  Rizzoli  Institute 

of  that  city,  developed  and  improved  the  original  methods 

devised  by  Dr.  Vanghetti.  In  the  commencement  of  1918 

Dr.  Putti  had  operated  on  fifty  cases,  his  best  results  being 

obtained  in  arms  which  had  been  amputated  above  the  wrist 
or  above  the  elbow,  but  he  also  attained  success  in  the 

kinematisation  of  stumps  of  the  thigh. 



mi 
Sir  William  Arbuthnot  Lane 

CHAPTER  X 

THE    INTRODUCTION   OF  CERTAIN  ORTIIOP/EDIC 

METHODS  TO  BRITISH  SURGERY 

In  this  chapter  I  have  sought  to  illustrate  some  of  the  principles 
which  guide  the  orthopajdic  practice  of  modern  British  surgeons  by 
selections  culled  from  the  writings  of  Sir  William  Macewen  (born  184S), 

Professor  of  Surgery  in  the  University  of  Glasgow,  Sir  William  Arbuthnot 

Lane  (born  1856),  senior  surgeon  to  Guy's  Hospital,  and  Sir  Robert  Jones 
(born  1858),  lecturer  on  Orthopa2dic  Surgery,  University  of  Liverpool. 

IN  this  chapter  I  j)ropose  to  return  to  the  busy  "  Horoiigli" 
Hospital  to  mark  certain  phases  in  the  evolution  of  a 

surgeon  who  has  exercised,  as  time  will  ;imply  prove,  a  very 

real  influence  on  the  outlook  and  practice  of  British  surgeons. 

The  period  which  concerns  us  is  one  of  fifteen  years,  stretch- 

ing from  1.S73,  when  W^illiam  Arbuthnot  Lane,  at  the  age  of 

17,  entered  Guv's  as  a  student,  until  18<S(S,  when,  at  the  age  of 
35^,  he  became  assistant  surgeon  to  his  hospital — thus  bringing 

'55 
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the  dissecting-room  phase  of  his  hfe  to  an  end.  Anyone 
searching  into  the  dates  of  his  studentship  will  find  that  after 

spending  four  years  in  taking  the  membership  of  the  College 

of  Surgeons  he  apparently  formed  a  new  resolution  and  spent 

the  next  five  in  satisfying  the  requirements  which  the  Uni- 
versity of  London  demands  of  her  graduates.  There  were 

thus  nine  years  of  hard  study  behind  him  when  he  re-entered 
the  dissecting;  room  as  demonstrator  of  Anatomy.  We  know 

with  precision  the  exact  nature  of  the  problems  which  engaged 
his  attention  as  demonstrator,  for  he  has  recorded  his  studies 

in  contemporary  numbers  of  the  Journal  of  Anatomt/  and 

Phys'iologlj^  and  in  the  Reports  of'  Guifs  Hospital.  If  he  had 
followed  the  fashion  of  the  time  he  would  have  taken  up 

some  research  of  a  microscopic  or  embryological  nature,  or 

devoted  himself  to  some  problem  in  comparative  anatomy  or 

morphology,  but  he  chose  none  of  these.  He  harked  back 

to  a  subject  which  had  come  to  be  regarded  as  out  of  date — 
the  manner  in  which  the  skeleton  of  the  human  body  becomes 

adapted  to  the  particular  burden  it  has  to  bear  in  life.  His 

surroundings  gave  him  opportunities  of  studying  the  skeletons 

of  brewers'  draymen,  of  shoemakers,  of  coal-heavers,  and  of 
deal-porters,  and  of  noting  the  manner  in  which  vocation 
could  mould  each  bone  for  definite  purposes.  In  his  eyes 

the  human  skeleton  became  "  a  crystallisation  of  the  lines  of 

force."  We  note,  as  he  publishes  his  various  studies,  that 
no  learned  list  of  reference  is  ever  given  ;  there  are  no  allusions 

to  the  writings  of  men  who  had  laboured  before  liim  ;  his 
own  field  of  observation  and  inference  is  sufficient  for  him. 

We  note,  further,  a  certain  degree  of  impatience  in  his  early 

papers ;  he  never  does  show  us  the  ladder  of  facts  by  which 

he  has  reached  certain  conclusions;  it  is  enough  for  him  that 
he  has  reached  them. 

Amongst  those  conclusions  there  is  one  which  proved  of 

great  value  to  his  life's  work.  We  can  best  illustrate  it  from 

his  study  of  the  skeleton  of  a  brewer's  drayman.  The  dray- 

man's spino,  he  observed,  had  become  moulded  to  meet  its 
vocational  burden — a  barrel  of  beer,  j)oised  on  the  right 

slioulder — but  this  vocational  adaptation  had   been  purchased 
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at  a  price.  Weight  was  no  longer  transmitted  equally,  but 

unequally,  through  its  intervertebral  joints.  On  that  side 

of  the  joint  on  which  the  increased  pressure  fell  there  was 

a  reaction  ;  the  articular  edges  of  the  joint  had  undergone  a 

change.  In  the  opinion  of  all  other  observers  the  articular 

chano-e  noted  by  Arbuthnot  Lane  was  a  manifestation  of 

disease — of  chronic  rheumatism,  but  for  him  it  was  a  functional 

response — a  growth  reaction — called  forth  by  the  altered  lines 
of  force.  He  noted  that  the  nature  and  extent  of  the  response 

or  alteration  depended  on  the  age  of  the  individual.  Under 

the  age  of  forty  a  skeleton  possesses  a  positive  power  of  re- 
action. By  throwing  out  buttresses  and  undergoing  changes 

in  shape,  the  various  bones  of  younger  people  can  adapt 

themselves  to  altered  burdens.  About  the  age  of  40,  the 

adaptative  powers  of  the  skeleton  undergo  a  diminution  ;  the 

growth  reactions  of  bones  become  passive  in  nature ;  the 

articular  surfaces  respond  by  undergoing  not  a  positive  sound 

growth  but  a  plastic  deformation.  Above  all,  he  became  con- 
vinced that  the  bones  of  a  limb  were  so  exactly  shaped  and 

the  articular  surfaces  so  precisely  moulded  for  the  daily  burden 

thev  had  to  carry,  that  the  introduction  of  the  slightest 

anatomical  deformity  must  upset  the  mechanism  of  every  part 

of  that  limb,  and  induce  adaptative  changes  in  its  joints. 

In  1888,  at  the  age  of  32,  Arbuthnot  Lane  became 

assistant  sui'geon  to  Guy's  Hospital.  We  propose  to  trace 
the  influence  of  his  dissecting-room  experience  on  his  surgical 
practice,  and  for  that  reason  pass  straight  to  the  consideration 

of  an  episode  which  occurred  at  the  end  of  189'i.  On 
17th  December  of  that  year  a  man,  aged  JJl-,  who  had  fallen 

and  sustained  a  fracture  of  the  leg  two  inches  al)ovc  the  ankle- 

joint,  came  under  his  care  in  Guy's  Hospital.  Attempts  by 
all  the  conventional  methods  of  manipulation  and  modes  of 

traction  failed  to  reappose  the  fractured  ends.  The  failure 

cannot  have  surprised  him,  for  he  had  by  this  time  come 

to  the  conclusion  that  the  setting  of  fractures,  particularly 

those  of  the  lower  extremity,  by  manipulation,  was  a  "  myth" 

— one  of  those  "  fossilised  rejjroductions  of  text-books." 
However,  in   this  particular   case  he  determined  to  give  the 
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patient  the  advantage  of  the  recognised  method  of  treatment 

and  applied  a  splint ;  after  waiting  three  weeks,  and  seeing  no 

sign  of  repair,  he  resolved  to  apply  an  altogether  new  method 

of  treatment.  And  yet  not  altogether  new,  for  sixteen  years 

before,  in  1877,  Lister,  in  commencing  the  London  })hase  of 

his  great  career,  had  laid  open  a  broken  patella  and  wired 

its  fragments  together.  "  A  novel  and  by  some  then  thought 

to  be  an  unjustifiable  procedure."  ̂   Nor  would  the  means 
which  Arbuthnot  Lane  proposed  to  use  have  been  possible  un- 

less he  had  mastered  the  secrets  which  Lister  was  the  first  to 

reveal.  The  method  he  proposed  to  adopt  was  one  to  secure 

exact  reapposition  of  the  broken  ends  of  the  tibia,  because  he 

knew  that  the  ankle-joint  was  moulded  to  serve  only  one  shape 

of  tibia — the  exact  shape  which  existed  in  the  patient's  limb 
before  the  accident.  If  the  fragments  were  not  set  exactly 
then  the  tibia  was  left  deformed  and  Nature  had  to  work  out 

a  new  form  of  ankle-joint.  In  such  a  case  she  would  likely 
have  to  remodel  the  joints  of  the  knee  and  hip  as  well  to 

suit  the  new  lines  of  stress.  The  surgeon,  he  knew,  often 

left  Nature  an  impossible  task ;  the  worse  the  surgeon,  the 

greater  was  the  burden  left  to  her.  His  experience  of 

hospital  practice  had  shown  him  that  such  accidents,  even 

when  treated  by  surgeons  of  skill  and  experience,  did  often 

reduce  a  workman  to  a  state  of  life-long  beggary.  He  there- 
fore resolved  "  to  treat  the  bones  as  one  would  the  broken 

leg  of  a  table  or  chair."  The  operation — osteo-synthcsis, 
Albin  Lambotte  has  named  it — was  carried  out  on  8th  January 
1894 ;  the  broken  ends  of  the  tibia  were  exposed,  but 

required  both  ingenuity,  patience,  and  force  to  bring  them 
into  perfect  apposition.  Two  screws  were  inserted  across  the 

oblique  line  of  the  fracture  to  keep  the  fragments  in  place. 

A  week  later,  on  15th  January,  two  similar  cases  were  admitted 

to  his  wards  and  were  ti'eated  in  the  same  manner. 

Three  inonths  later,  at  a  meeting  of  the  Clinical  Society 

of    London    held    on     13th    April     1894,    Arbuthnot    Lane 

announced  his  new  method  of  treatment  in  a  brief  paper — 

the   text  only   occupies  five  pages  of  tlie   Clinical  Journal — 

^  Lord  Lister,  by  Sir  Rickman  J.  Godlee,  Bart.,  1917,  p.  420. 
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which  he  entitled  "  A  Method  of  Treating  Simple  Oblique 

Fractures  of  the  Tibia  and  P'ibula,  more  Efficient  than  those 

in  Common  Use."  He  stated  that  the  results  obtained  by 
treating  fractures  of  the  leg  by  the  customary  method  of 

reapposing  the  broken  ends  by  manipulation  and  of  retaining 

them  in  apposition  by  splints  "  were  disastrous  in  the  extreme  " 
so  far  as  the  functional  utility  of  the  broken  limbs  was  con- 

cerned. '•  Why  should  we  hesitate  to  apply  common  sense  ?  " 

he  asked  ;  "  we  do  so  when  the  patella  is  broken.""  At  that 
meetino;  Arbuthnot  Lane  not  onlv  described  a  new^  method  of 
treating  fractures,  but  he  enunciated  an  altogether  new 

surgical  standard.  He  saddled  the  surgeon,  not  Nature,  with 

the  entire  responsibility  of  obtaining  a  perfect  result  in  the 

mending  of  broken  bones.  He  knew  very  well  from  his 

dissecting-room  studies  that  Nature  had  an  almost  unlimited 

power  of  adapting  living  structures  to  new'  conditions ;  but 
why  should  the  surgeon  by  his  carelessness  throw  such  a  burden 

on  Nature  when,  by  a  little  foresight  and  a  perfect  reapposi- 
tion  of  parts,  he  could  make  her  task  so  easy  that  a  final 

result  was  certain  ?  One  condition  he  presumed  as  absolutely 

essential  for  success — namelv,  tliat  the  surgeon  who  applied 

the  "  new-  method  "  of  treatment  for  fractures  of  limb  bones 
must  be  a  master  of  surgical  cleanliness. 

No  one  who  has  followed  the  history  of  discovery  and 

invention  in  any  line  of  human  endeavour  will  be  surprised  to 

know  that  Arbuthnot  Lane  was  not  the  only  man  who  was 
seekino;  for  a  better  method  of  treatinir  fractures  of  the  le<r. 

Broken  legs  arc  as  conmion  in  the  port  of  Antwerp  as  in  the 

port  of  London.  We  learn  from  Dr.  Albin  Lambotte, 

surgeon  to  the  Stinvenberg  Hospital,  Antwerp,  that  his 

Ijrother,  Elie,  treated  obli((ue  fractures  of  the  tibia  in  bSSS, 

1«S89,  1890  by  direct  operation,  planned  on  the  same  lines  as 
those  which  had  appealed  independently  to  Arbuthnot  Lane. 

Each  man  had  met  the  same  problem,  and  solved  it  in  a 

similar  way.  The  Belgian  surgeon,  having  taken  the  first 

step,  appears  to  have  desisted,  while  the  English  surgeon, 

having  once  begun,  kept  on  until  he  had  awakened  the  surgical 

conscience  of  England.      That   task   took  him  about  sixteen 
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years.  The  first  real  sign  of  awakening  was  in  1910,  when 

the  British  Medical  Association  met  in  London.  A  Com- 

mission was  constituted  at  the  London  meeting  to  investigate 

and  compare  the  results  obtained  by  treating  fractures  (1)  by 

manipulation  and  innnobilisation  by  means  of  splints ;  (2)  by 

direct  operation ;  (3)  by  massage  and  mobilisation.  The 

verdict  which  appeared  two  years  later,  in  1912,  was  distinctly 

in  favour  of  Arbuthnot  Lane's  operative  method.  The  cases 
treated  by  his  method  were  relatively  few  in  number — 147, 
while  those  treated  by  the  usual  methods  of  immobilisation 

numbered  2596.  The  result  of  treatment  depended  on  the 

age  of  the  patient.  The  statistics  showed  that  non-operative 
means  gave  the  better  results  in  cases  where  the  patients  were 

15  years,  or  younger ;  but  as  regards  adults,  statistics  favoured 
the  method  bv  operation.  I  do  not  think  tJie  Commission  gave 

its  verdict  on  the  statistical  results ;  it  favoured  the  operative 

method  because  of  its  underlying  principles.^ 
What  are  those  principles  .^  The  first  one — the  perfect 

reapposition  of  parts — is  the  enunciation  of  a  simple  anatomi- 
cal truth.  Bones,  joints,  and  muscles  are  so  shaped  and  so 

fitted  together  that  they  work  as  parts  of  a  perfect  mechanism  ; 

the  alteration  of  one  part  necessitates  an  alteration  of  all  the 

parts.  Perfect  restoration  permits  the  old  machinery  to  be 

used  without  any  alteration.  The  second  principle  applied 

in  the  operative  treatment  of  fractures  is  a  surgical  one;  the 

gap  between  the  broken  ends  is  treated  as  if  it  were  an  incised 

wound,  edges  are  brought  together,  not  by  sutures  but  by 

screws  ;  the  aim  is  bony  union  by  fii'st  intention.  The  principle 
of  rest  is  secured  bv  fixation  derived  from  screws  and  plates 

in  place  of  outward  splints  and  bandages.  The  essential 
feature  of  Arbuthnot  Lane\s  treatment  is  the  restoration  of 

parts  to  their  original  relationships.  The  method  implies 

inunaculate  cleanliness.  Li  theory  the  method  seems  perfect; 

the  surgeon  is  expected  to  give  Nature  every  opportunity  of 

effecting  a  perfect  result. 

^  Sir  \Vm.  Arbuthnot  Lane's  criticism  on  tlic  report  will  be  found  in  his 
Operative  Treatment  of  Fractures,  1914.  Sir  Robert  Jones  has  reviewed 

the  Report,  Brit.  Med.Journ.,  191 2,  vol.  ii.  p.  1589. 
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The  difficulties  encoinitered  by  the  surgeon  when  he  seeks 

to  reappose  the  broken  ends  of  bones  are  due,  accordincp  to 

Arbuthnot  Lane,  to  anatomical  changes  of  the  following  nature. 
The  sheaths  of  bone,  muscles,  vessels,  and  nerves  are  made  to  fit 

the  exact  length  of  the  adjoining  bone ;  but  when  the  cellular 

spaces  of  these  sheaths,  loosened  and  dislocated  by  the  fracture, 

become  distended  and  swollen  by  extravasation  of  blood  and 

by  inflammatory  exudates,  they  become  shortened  and  thus 

present  a  powerful  obstacle  in  restoring  the  bone  to  its  original 

length.  Muscles  ai'e  regarded,  on  this  hypothesis,  as  merely 
passive  structures,  but  I  cannot  conceive  muscles,  unless  they 

are  paralysed,  offering  a  purely  passive  resistance  to  the 
reduction  of  fractures. 

In  his  system  of  treatment  Arbuthnot  Lane  gives  the 

employment  of  exercise  and  passive  movement  a  place ; 
fractures  in  the  neighbourhood  of  the  wrist,  elbow,  and  knee, 

he  thinks,  should  be  treated  by  early  movement  of  the  adjacent 

joints.  In  this  he  is  abandoning  much  of  the  teaching  of  his 

predecessor  Hilton.  P'urther,  he  does  not  consider  that  opera- 
tive means  are  applicable  to  fractures  in  the  regions  of  tiie 

wrist  and  elbow. 

We  have  been  examining  a  revolutionary  movement  in 

British  orthopiedic  surgery  which  was  initiated  at  Guy's 
Hospital.  We  propose  now  to  shift  our  inquiry  to  Liverpool, 

and  note  the  direction  in  which  the  principles  and  practice  of 

Owen  Thomas  have  progressed  in  the  hands  of  his  nephew 

and  successor — Sir  Robert  Jones. ^  Our  task  is  an  easy  one, 
for  in  1912,  when  the  Report  of  the  British  Medical  Associa- 

tion appeared,  Sir  Robert  Jones  contributed  an  article  to  the 

liritish  MedkalJournal  {lih.  Dec.  19L'2,  p.  1589),  in  which  the 
modern  problems  of  surgery,  so  far  as  they  relate  to  fractures, 
are  very  clearly  discussed.  We  see  at  once  that,  althoutrh 

modified  and  extended,  the  broad  principles  laid  down  by 

Owen  Thomas  still  serve  the  Livei-pooi  School  as  a  basis  for 
the  treatment  of  fractures.  The  advantage  of  exact  reapposi- 
tion  of  the  broken  ends  of  a  fractured   bone,  the  necessity  of 

'  Sir  Robert  Jones  assisted  his  uncle,  Hug^h  Owen  Thomas,  for  eleven 
years  prior  to  the  death  of  the  latter  in  1891. 
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restoring  the  true  axis  of  the  limb,  of  obtaining  true  alignment 

of  fragments  of  the  broken  bone,  so  that  joints  may  preserve 
their  normal  movements  and  muscles  their  normal  lines  of 

contraction,  are  insisted  on,  and  striven  for  even  more 

strenuousl}'  than  in  the  days  of  Owen  Thomas.  Powerful 
traction  is  the  chief  means  relied  on  for  reapposition  of  parts — 

powerful  traction  combined  with  deep  anaesthesia  and  skilled 

manipulation  of  the  parts.  Only  those  who  have  watched  the 

procedure  of  the  Liverpool  School  realise  the  cave,  time,  and 
trouble  entailed  by  a  truthful  reapposition ;  it  has  always 

been  a  maxim  of  that  school,  that  the  less  the  surgeon  does 
the  more  Nature  has  to  do.  When  a  fracture  has  been  set, 

the  limb  is  immobilised  in  the  various  methods  devised  by 

Owen  Thomas.  His  knee  splint,  hip  splint,  walking  caliper, 

and  neck  sling  or  "  halter-gauge ""  still  supply  the  means  of 
giving  the  injured  part  the  "prolonged,  continuous,  and 
enforced  rest"  and  the  freedom  of  circulation  which  are 
needed  for  repair.  We  observe  that  a  splint,  modelled  on 

the  knee  pattern,  has  been  adopted  for  treatment  of  fractures, 
of  the  arm.  There  is  the  same  insistence  on  the  personal 

attention  of  the  surgeon  in  every  stage  of  the  healing  of  a 

fracture,  and  the  same  instruction  as  to  the  care  which  must 

be  exercised  in  ascertaining  that  the  apparently  healed  fracture 

is  fit  for  use,  as  in  the  practice  of  Owen  Thomas.  Rest  is 

still  the  basal  principle  of  the  Liverpool  School — applied  in 
the  form  of  an  innnobilisation  which  eases  the  muscles,  shelters 

the  repairing  tissue,  and  allows  the  circulation  to  continue 

without  interruption.  There  is  also  the  same  condemnation 

of  immobilisation  by  means  of  plaster  bandages. 

Owen  Thomas,  we  have  seen,  was  not  averse  to  operation ; 

in  a  case  of  irreducible  dislocation  of  the  thumb,  he  opened 

the  joint  and  levered  the  proximal  phalanx  into  position. 
In  the  case  of  ununited  fracture  it  was  at  one  time  the 

practice  of  Owen  Thomas  to  opei-ate  on  the  fractured  ends  and 
unite  them  by  pegging,  but  that  practice  he  ultimately  gave  up. 
We  see  in  his  successors  a  tendency  to  increase  the  scope  of 

operative  treatment  for  fractures.  Sir  Robert  Jones  agrees  with 

Sir  W.  Arbuthnot  Lane  that  many  cases  of  obli(jue  fracture  of 
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the  tibia  are  best  treated  bv  operation.     In  such  cases  restora- 
tion, he  believes,  may  be  made  easier  by  cutting   the  tendo 

AchilHs,   and    thus   eliminating   the   traction    of  the    muscles 

of  the  calf.      Having   obtained   true  apposition  bv  operative 

means,  be  prefers  to  maintain  the  fragments   in  position  by 

application  of  suitable  splints  rather  than  bv  the  use  of  screws 

and  plates.     Fractures  of  the  patella,  fractures  of  the  neck  of 
the  radius,  and  some  fractures  of  the  olecranon  he  would  also 

treat  bv  operative  measures.      We  thus  see  that  the  Liverpool 

and  London  Schools  are  in  agreement  as  regards  many  points 
in  the  treatment  of  fractures ;  both  agree  that  certain  should 

be  treated  by  operative  and  certain  bv  non-operative  means ; 
they  are  at  one  when  they  insist  on  anatomical  restoration, 

and  on  the  evils  which  result  from  a  deformity  whicli  inter- 

feres  with   the  true    working    of   muscles    and  joints.       Both 

agree  that,  at  the  present  time,  many  fractures  are  permitted 

to  heal  in  a  manner  which  constitutes  a  "  diso-race  to  sur<rerv." 
Both   agree  that  there  is  too  high  a  percentage  of  failures  in 

our   modern   practice    of   treating   fractures,    but    they    differ 
as  to  the  cause  of  the  failures.      Arbuthnot  Lane  attributes 

them  to  the  methods  used — attempted  reduction  by  manipula- 
tion   and    attempted     innnoliihsation    by    means    of   splints. 

Robert  Jones  has  re))lied  that  it  is  not  the  method  of  innnobi- 

lisation    by   splints    that    is  at   fault,    but   the  imperfect  and 

unskilled  manner  in   which  the  method  is  at  present  cai-ried 
out.      He  instances   the  case  of  surgeons  who,  having  imper- 

fectly reduced  a  fracture  dislocation    of  the   ankle,  wrap  the 

part  in  a  plaster  casing  and  expect  a  perfect  foot  to  emerge 
at  the  end  of  six  weeks.      In  such  a  case  the  entire  cure  has 

been  left  to  Nature.     She  has  been  expected  to  perform  the 

miracle    of   remodelling    the    limb.       She    has    to    attempt    a 

miracle    under    the    most    disadvantageous  circumstances,   for 

no   plaster   bandage   can   be  applied   that  does   not   interfere 

with  the  circulation  of  the  part.      Instead  of  a  miracle  there 

ensues  a  disaster,  because  the  surgeon  has  thrust  his  own  task, 

as  well   as   Nature's,   on  the   reparative  powers   of   the    part. 
In   brief,  the  Liverpool  School   still   maintains    that    the   old 

means    of   treating    fractures  by  manipulation  and   splints  is 
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the  best  for  the  majority  of  cases — if  such  means  be  skilfully 
applied.  Whether  we  adopt  the  practice  of  the  one  school 

or  of  the  other,  we  must  be  masters  of  the  technique  we 

would  employ.  Except  in  the  hands  of  the  most  practised 

and  proficient,  the  method  by  operation  must  entail  the 

greater  risk  to  life  and  limb. 

We  again  meet  with  a  difficulty,  which  often  crosses  our 

path  in  these  inquiries :  when  should  the  period  of  rest  end 

and  the  period  of  movement  begin  in  the  treatment  of  injuries 

of  bones  and  joints?  Owen  Thomas's  instruction  was:  when 
pain  is  gone  at  the  site  of  healing,  and  the  patient  has  re- 

gained complete  voluntary  control  of  the  limb  or  part.  He 

also  regarded  voluntary  movements,  however  slight,  as  having 

a  much  greater  curative  effect  than  passive  movements  or 

massage.  These  principles  still  guide  the  Liverpool  Ortho- 

paedic School.  Sir  Robert  Jones  recommends  window-cleaning, 
hammering,  planing,  treadling,  to  clear  the  stiffness  from  the 

joints  of  wounded  soldiers  in  preference  to  the  monotonous 

passive  movements  given  by  special  and  elaborate  machines. 

We  have  ample  evidence  of  the  success  with  which  the  Liver- 
pool School  has  applied  volitional  exercises  to  the  mending 

and  improvement  of  limbs  wrecked  by  infantile  paralysis. 
We  also  note  a  tendency  in  the  modern  school  to  disregard 

Owen  Thomas''s  condenmation  of  forced  movements  for  the 
breaking  down  of  adhesions.  Fractures  at  the  lower  end  of 

the  radius  are  moved  and  massaged  at  the  end  of  three 
weeks ;  fractures  near  the  elbow  are  also  mobilised  at  an 

early  date. 
The  Liverpool  methods  are  based  on  a  knowledge  of 

physiology.  We  have  evidence  of  that  in  the  care  taken  to 
safeiruard  the  circulation  of  the  injured  limb  and  in  the 

abandonment  of  plaster  splints ;  in  the  use  made  of  dam- 

ming or  venous  congestion  to  increase  the  activity  of  bone- 
forming  cells ;  in  its  efforts  to  secure  anchylosis  at  a  functional 

angle  in  the  cases  of  ankle,  knee,  hip,  shoulder,  elbow,  and 

wrist  injuries. 
We  have  visited  London  and  Jjver[)ool  with  the  aim  of 

ascertaining  the  principles  which  guide  certain  modern  British 



ORTHOPAEDIC  METHODS  IN  BRITISH  SURGERY   1 6  S 

surgeons  in  effecting  repair  of  the  mechanical  framework  of 

the  human  body,  for  all  operations  and  appliances  which  have 

that  aim  in  view  lie  within  the  scope  of  orthopjedic  surgery. 

I  propose  now  to  make  a  brief  survey  of  another  field  of 

British  orthopaedic  surgery — the  treatment  of  deformities  of 
the  body  both  congenital  and  acquired.  As  an  instance  on 

which  we  may  test  our  modern  knowledge  and  practice,  I 
shall  select  two  of  the  commoner  deformities  which  occur  at 

the  knee — g-etiu  valgum,  knock-knee  or  in-knee,  and  genu 
varu.s;  out-knee  or  bow-leg.  I  select  these  deformities  because 
they  supply  us  with  a  convenient  means  of  comparing  and 

testing  the  ortliopsrdic  practice  of  one  school  with  another 
and  of  one  country  with  another.  The  method  which  a 

surgeon  applies  to  the  treatment  of  deformities  of  the  knee 

gives  us  a  critical  test  of  his  principles  and  practice.  The 

static  deformities  of  the  knee  serve  such  a  purpose  very  well. 
There  is  no  doubt  that  so  far  as  our  country  is  concerned,  if 

we  would  obtain  our  information  at  first  hand,  we  must  visit 

Glasgow  and  examine  the  methods  used  by  Sir  William 

Macewen.  In  the  late  seventies  of  last  century  Scotland  was 

swept  by  a  surgical  movement,  which,  as  we  shall  see  later, 

had  its  beginning  in  Germany  some  thirty  years  earlier — the 
subcutaneous  method  of  cutting  bones  for  the  rectification 

of  deformities.  We  have  already  noted  that  in  18()5  Louis 

Stromeyer  Little  performed  the  first  osteotomy  in  Britain, 

and  that  in  LSTl  Adams  introduced  his  operation  for  the 

relief  of  bony  anchylosis  at  the  hip-joint.  In  1875,  my  former 
teacher,  Sir  Alexander  Ogston,  devised  what  I  regard  as  one 

of  the  neatest  and  most  ingenious  operations  ever  introduced 

into  surgery.  He  proposed  to  restore  the  transverse  axis  of 

the  knee-joint  in  cases  of  genu  valgum,  and  bring  the  leg 
into  the  supporting  axis  of  the  body,  by  a  simple  oblitjue 

section  of  the  internal  condylar  part  of  the  lower  extremity 

of  the  femur.  The  oj)eration,  excellent  in  design,  proved  a 

disappointment  in  practice.  In  the  same  year,  Macewen,  then 

in  his  twenty-seventh  year  and  on  the  staff'  of  the  Glasgow 
Royal  Infirmary,  also  sought  for  an  effective  means  of  rectify- 

ing  knock-knee.     Two    years   later,  in   1S77,  he  evolved   the 
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method  now  adopted  in  every  country.  He  restored  the  trans- 

verse axis  of  the  joint,  by  a  simple  operation — a  subcutaneous, 

transverse  section  of  the  femur  in  its  supra-condylar  region. 
In   1880  he   pubHshed    a  small   book   under  the  title    of 

Ostcotuin/j,  a  little  classic  where  we  learn  the  steps  by  which 

he  successfully  solved  the  operative  treatment  of  knock-knee. 
By  his  operation   he  sought  to    obtain    the    same    results   as 

followed  the  successful  treatment  of  a  fracture — a  perfect  and 
anatomical  restoration  of  parts  of  bones,  joints,  and  muscles. 

The  casual  reader  is  apt  to  think  that  Macewen  had  solved 

the  problem  of  knock-knee ;    he  has    never    claimed  to    have 

done  more  than  offer  a  palliative — the    best  available.     We 
are  apt  to  think  that  all  the  problems  relating  to  the  causation 

and   treatment   of  knock-knee    have   been   solved.      In  reality 
that  is  not  so.     The  true  criterion  for  measuring  the  standard 

of  surgery  in  any  country  is  not  the  success  in  the  application 

of  operative  treatment,  but  the  success  which  has  been  attained 

in  its  prevention.     But  before  means   for  prevention  can  be 

adopted,  we  must  have  discovered  the  cause  of  a  disease  or 

deformity ;    nor    can    our    treatment    be    called    rational    or 
scientific  until  the  cause  is  known.     Once  the  cause  is  ascer- 

tained, we  know  for  certain  that  we  have  also  become  masters 

of  the  means    of  prevention.     I   may  appear  to   labour    this 

point,  but  I  am  persuaded,  if  our  modern  British  School  of 

Surgery  has  a  defect,  it   is  the  tendency  to  remain  satisfied 

with  success  in  operation.      We  must  do  more;  we  must  dig 
beneath  the  surface  of  current  knowlediie  and  try  to  discover 

the  true  cause  of  the  disease  or  deformity. 

If  Sir  William  Macewen  lias  not  explained  how  the  con- 
dition of  knock-knee  has  been  brouglit  abouf,  he  has  done  the 

next  best  thing — he  has  put  us  on  the  road  to  discover  it.  In 
1880  tiie  cause  which  found  the  widest  acceptation  was  the 

one  which  ascribed  the  outward  bending  of  the  leg  (for  abduc- 

tion of  the  sub-genual  part  of  the  liml)  is  tlie  true  nature  of 

knock-knee)  as  due  to  a  spastic  or  chronic  contraction  of  the 

biceps  and  ilio-tibial  muscles.  Macewen  rejected  that  theory 
because  he  observed  that  the  softening  of  the  bones  which 

accompany    the    production    of    knock-knee    in    children    and 
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adolescents,  or  of  the  opposite  condition  —  out-knee  —  was 
accompanied  by  a  slackness,  a  want  of  tone,  in  the  nuiscles 
of  the  limb.  He  therefore  argued  that  the  condition  of 

knock-knee  was  not  due  to  any  abnormal  contraction  in  one 
set  of  muscles.  If  such  a  deformity  were  due  to  muscular 

action,  we  ought  to  see  the  same  influence  at  work  in  the  upper 

extremity ;  that  we  do  not  see ;  such  deformities  are  confined 

to  the  bones  of  the  lower  extremity. 

If  we  turn  to  the  last  edition  (1912)  of  Mr.  Tubby 's 
excellent  text-book  on  Ortliop;i?dic  Surgery,  we  find  that 
muscles  are  still  absolved  from  any  causative  relation  to 

knock-knee  or  to  out- knee,  yet  the  thesis  I  am  to  maintain, 

and  which  I  hope  to  prove  to  the  reader's  satisfaction,  is  that 
all  static  deformities  of  the  knee  are  due  to  a  definite  and 

definable  lesion  in  the  action  of  the  muscles  of  the  tiiigh. 

There  is  a  tendency  nowadays  to  be  sceptical  of  what 

our  forefathers  were  wont  to  describe  as  "laws"  or  "general 

principles."  That  scepticism  is  only  justified  if  we  fail  to  test 
such  laws  by  accurate  and  continued  observation.  The  first 

principle  which  I  wish  you  to  consider  is  one  I  have  named 

the  "  law  of  ligaments."  No  ligament  is  ever  used  for  the 
continuous  support  of  any  joint  or  part;  that  is  true  of  the 

human  iiip  and  the  ox\s  neck.  Place  your  fingers  on  the  neck 

of  the  browsing  ox  or  in  front  of  the  hip  of  the  standing 

man,  and  vou  will  find  the  muscles  are  in  a  state  of  contrac- 

tion  ;  they  are  saving  the  ligaments  from  strain.  Let  us  see 

how  such  a  law  helps  us  to  explain  the  static  deformities  of 

the  knee-joint. 
I  want  to  fix  your  attention  on  a  living  model,  because 

it  is  in  the  living  body — not  in  tiie  dead  one — we  are  most 
likely  to  oljtain  assistance.  The  model  should  be  nude,  looked 

at  in  jjrolile,  with  his  left  leg  carried  forward — the  first 
movement  of  a  step.  We  now  watch  his  right  limb  swing 

forward  as  the  body  is  supported  on  the  left  limb ;  as  the 

right  leg  swings  forwjud  we  note  that  the  knee  bends.  In  that 

movement  the  muscles  which  Hex  the  knee — the  hamstring 

group — Sictfrom  the  pelvis  and  on  the  upper  end  of  the  tibia 
and  fibula.      Rut  in  the  next  moment,  when  the  weight  of  the 
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body  is  poised  on  the  right  thigh  and  the  left  leg  swings 

forward,  the  action  of  this  group  of  muscles  is  at  once  reversed. 

The  upper  end  of  the  tibia  and  fibula  becomes  the  base  from 

which  the  hamstrings  act ;  the  pelvic  girdle  forms  the  system 

of  levers  by  which  these  muscles  balance  the  body  on  the  knee. 
That  these  muscles  are  in  action  whether  we  stand  on  one  or 

on  both  legs,  there  cannot  be  a  shadow  of  doubt ;  one  has 

only  to  place  a  finger  on  them  to  be  convinced  that  all  of 
them  are  tense  when  we  stand. 

Let  us  look  at  these  thigh  muscles  more  closely.  There 

are  six  of  them.  Four  of  them — semi-membranosus,  semi- 

tendinosus,  gracilis,  and  sartorius — spring  from  the  inner  side 

of  the  knee — they  form  its  inner  muscular  supports ;  while 

two  of  them — the  biceps  and  tensor  fascia  femoris — spring 
from  the  outer  side.  Of  tlie  outer  muscular  supports,  the 

biceps  acts  on  the  ischial  extremity  of  the  pelvic  (hip-bone) 
lever ;  the  tensor  acts  on  the  iliac  extremity  of  the  pelvic 

lever.  The  pelvic  lever,  made  up  of  ischial  and  iliac  arms,  is 

poised  on  the  femoral  head  at  the  junction  of  its  ischial  and 

iliac  parts.  Of  the  inner  muscular  supports,  the  sartorius  acts 

on  the  iliac  end  of  the  pelvic  lever,  the  biceps  and  semi- 
tendinosus  on  the  ischial  end,  while  the  gracilis  acts  on  the 

transverse  or  pubic  arm  of  the  pelvic  lever.  As  long  as  we 

stand,  these  muscles  are  continuously  in  action  balancing  the 

body  on  the  upper  end  of  the  tibia ;  the  fixed  point  from 

which  they  act  is  the  upper  extremity  of  the  tibia ;  they  come 

into  action  with  every  step  we  take.  In  reality  the  proximal 

ends  of  the  tibia  and  fibula  are  bound  to  the  pelvic  girdle  by 

great  nniscular  straps,  exerting  a  continuous  pull  so  long  as 

we  are  on  our  feet,  standing  or  walking.  AVe  can  stand  only 

so  long  as  these  muscular  straps  are  in  action.  If  those  of 
the  inner  side  give  way.  the  strain  falls  on  the  internal  lateral 

ligament ;  the  ligament  lengthens,  as  every  unsupported  liga- 
ment must  do  when  it  is  subjected  to  a  continuous  strain  ;  so 

do  the  parts  of  the  femur  and  tibia  to  which  the  ligament  is 

attached.  A  small  and  soon  a  larger  gap  appears  between 

the  articular  surfaces  of  the  internal  condyle  and  the  inner 

tuberosity  of  the  tibia.     Tiie  condition  of  knock-knee  is  thus 



ORTHOPEDIC  METHODS  IN  BRITISH  SURGERY    169 

developed,  because  the  abnormal  strain  on  both  the  internal 

and  external  condylar  parts  of  the  femur  alters  the  rate  of 

growth  in  the  outer  and  inner  parts  of  the  epiphyseal  lines. 

If,  on  the  other  hand,  the  outer  muscular  supports  give  way, 
the  condition  of  out-knee  results. 

\Vhat  are  the  conditions  which  lead  to  a  functional  break- 

down of  the  supporting  muscles  of  the  knee  ?  We  have  already 
seen  that  these  muscles  are  called  into  action  and  continued  in 

action  by  a  reflex-arc  system.  Why  should  this  system  break 
down  in  conditions  that  lead  to  softening  and  disturbed 

growth  of  bone  ?  In  rickets  the  muscles  are  flabby,  they  have 

lost  their  reflex  tone.  That  may  be  due  to  a  tonic  substance 

which  acts  directly  on  the  reflex-arc  system.  But  there  is  a 
simpler  explanation.  The  reflex  tone  of  a  nuiscle  depends  on 

its  state  of  tension — a  state  depending  on  the  absolute  rigidity 
of  the  bones  on  which  they  act.  If  the  femur  becomes  softened 

and  loses  its  rigidity,  the  reflex  system  which  regulates  the 

static  muscles  of  the  thigh  must  be  affected.  The  primary 

cause  of  static  deformities  of  the  knee  lies  in  a  defect  or  change 

in  the  osseus  system,  but  the  structures  which  are  immediately 

to  blame  for  the  deformity  are  the  muscles  which  I  have  named 

above.  In  a  ricketv  child  the  liijamentsof  the  knee-ioiut  have 
thrown  on  to  them  a  static  nuiscular  function,  with  the  result 

that  deformities  are  produced.  If  we  would  prevent  such 

deformities,  it  is  clear  that  we  must  relieve  the  lower  extremi- 

ties of  their  static  function,  we  must  prevent  the  muscles  from 

coming  into  use,  until  the  skeletal  parts  have  regained  their 

normal  health  and  rigidity  ;  so  soon  as  the  normal  degree  of 

rigidity  is  regained,  the  muscles  will  resume  their  normal  static, 
reflex  function. 



Lewis  A.  Sayre, 

Born  1820  ;  Died  1900. 

CHAPTER   XI 

THE  FORERUNNER   OF  THE  MODERN  AMERICAN 

SCHOOE  OF  ORTHOPAEDIC  SURGEONS 

In  tlie  preceding  chapter  cursory  visits  were  made  to  London,  Liverpool, 

and  Glnsg^ow  to  note  the  principles  and  practice  of  certain  modern  schools 
of  British  orthopredic  surg'eons.  In  this  chapter  a  rapid  tour  is  irade 
along'  the  eastern  sea-board  of  the  United  States  to  note  the  rise  and 
expansion  of  orthopajdic  surgery  in  America.  We  shall  find  the  principles 
antl  practice  of  Joiin  Hunter  established  in  Philadelphia  by  a  favourite 

pupil  of  the  master's  later  years  —  Philip  Syng  Physick.  Then  came  the 
Stromeyerian  period  and  tenotomy  in  the  thirties  of  last  century.  We  have 

seen  how  Stromeyer's  methods  were  carried  to  England  in  the  commence- 
ment of  1838  by  W.  J.  Little.  In  the  previous  year  ( 1837)  they  were  carried 

to  America  by  William  Ditmold,  who  was  born  in  Hanover  in  1808,  being 

four  years  junior  to  his  fellow-tosvnsnian,  Stromeyer.  Ditmold  settled  in 
New  York,  was  appointed  to  Bellevuc  Hospital  in  1841,  dying  in  the  citj^  of 
his  adoption  in  1894  at  the  age  of  86.  The  real  founder  of  the  American 

School  of  Orthopaedics  was  Louis  Bauer,  also  a  pupil  of  Stromeyer's,  who 
emigrated  from  Germany  and  settled  in  Brooklyn  in  1852  when  he  was  m  his 

tiiirty-eighth  year.     He  afterwards  moved  to  St.  Louis,  but  it  was  during  his 170 
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Brookh'ii  period  that  he  saw  the  rise  of  the  Xew  Votk  scliool  led  by  Lewis 
A.  Sayre,  Henry  G.  Davis,  and  Charles  F.  Taylor.  A  glimpse  at  the  work 

done  by  Big'elow  and  afterwards  by  Bradford  brings  this  chapter  to  a  close. 

IN  our  search  for  the  best  means  of  restoring  normal  move- 
ments to  soldiers  who  have  been  maimed  by  wounds,  or 

suffered  a  physical  breakdown  under  the  stress  of  military 

service,  I  propose  in  this  chapter  to  pay  a  brief  and  cursory 
visit  to  the  United  States  of  North  America.  Clearly  the 

space  is  too  limited  to  permit  a  survey  of  the  great  and 
extensive  surmcal  centres  which  lie  between  the  Atlantic  and 

Pacific  sea-boards ;  indeed  I  propose  to  devote  the  greater 
part  of  the  space  to  New  York  itself.  Nor  would  it  be  possible 

to  follow  the  methods  of  treatment  applied  to  every  kind  of 

deformitv  or  disability.  It  will  serve  our  purpose  best  to 

restrict  our  attention  to  one  part  of  the  body,  and  there  are 

many  reasons  why  we  should  select  the  spinal  colunni.  The 

treatment  of  spinal  diseases,  injuries,  and  deformities  has 

engaged  the  attention  of  American  surgeons  from  an  early 

date;  there  is  no  part  of  the  body  which  more  directly  tests 

and  taxes  the  anatomical  and  physiological  knowledge  of  the 

orthopfedic  surgeon. 

Before  we  set  out,  it  will  be  well  to  review  otn*  knowledge 
of  the  essential  points  relating  to  the  mechanism  of  the  living 

spine.  When  Ave  look  at  tiie  naked  back  of  a  man  sitting  or 

standing  in  front  of  us,  we  are  really  looking  at  one  of  the 

most  wonderful  acrobatic  feats  to  be  seen  in  the  animal  king- 

dom. In  such  an  attitude  twenty-four  segments  or  vertebrte 
are  being  delicately  and  steadily  balanced,  one  upon  the  other, 

by  means  of  the  elaborate  system  of  levers  and  muscles  with 
which  each  verteljra  is  furnished.  The  inter- vertebral  disc  on 

which  each  vertebra  is  poised  is  at  once  one  of  Nature's  oldest 
and  most  ingenious  contrivances.  It  is  a  water-cushion  sur- 

rounded by  a  strong,  but  loose  ligamentous  covering.  Only  when 
the  spine  is  bent  or  rotated  do  these  ligaments,  which  enclose 

the  inter-vertebral  cushion,  become  stretched,  the  fibres  on  the 
convex  side  of  the  curve  become  taut  and  strained,  while  those 

on  the  opposite  side  are  flaccid  and  bent  outwards.  The  lowest 

vertebra  of  this  flexible,  weight-supporting  spinal  rod  is  based 
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on    the   sacral    or  pelvic  cushion  ;    on   the  highest  is  poised 
the  liead. 

The  leverage  and  motor  system  of  an  individual  vertebral 

segment  is  best  seen  in  a  vertebi-a  taken  from  the  dorsal 
region.  The  posterior  or  spinous  lever  bifurcates  at  its  root 

so  as  to  enclose  and  protect  the  spinal  cord ;  an  elaborate 

system  of  muscles  is  attached  to  the  spinous  lever  whereby 

the  vertebral  body  may  be  maintained  in  its  correct  antero- 

posterior plane.  On  each  side  of  the  vertebra  is  placed  a 

lateral  lever,  rendered  enormously  powerful  by  being  prolonged 
as  a  rib.  These  lateral  levers  are  also  furnished  with  elaborate 

sets  of  balancing  muscles.  In  the  living  upright  spine  every 

one  of  these  muscles — we  may  allow  an  average  of  eight  to 

each  vertebral  segment,  making  about  two  hundred  in  all — 
is  called  into  action,  not  by  any  conscious  effort  of  the  will, 

but  by  that  reflex  mechanism  which  automatically  governs 

all  the  static  actions  of  the  human  body.  We  have  to  re- 

member Beevor's  dictum  that  the  opponent  or  antagonist  of 
the  spinal  muscles  is  gravity.  So  long  as  the  muscles  balance 

their  vertebral  loads  truly  they  have  an  easy  time ;  but  when 

gravity  comes  into  play  and  bends  the  body  to  one  side,  then 

the  opponents  of  gravity,  situated  on  the  opposite  side  of  the 
body,  have  to  come  into  action.  IJy  reason  of  certain  but 

very  imperfectly  known  conditions,  the  spinal  muscles  may 

tire  in  maintaining  an  even  balance  of  the  vertebrae.  They 

are  then  in  the  position  of  a  draught  horse  exhausted  by  an 

uphill  burden  ;  the  waggoner  gives  his  beast  rest  by  blocking 

or  jamming  a  wheel.  That  is  exactly  how  the  muscles  of  the 

spine  seek  for  rest  when  they  tire  in  maintaining  the  spine 

erect ;  they  allow  the  vertebrse  to  slew  round  until  the  move- 
ment is  checked.  The  spokes  which  are  employed  to  jam  the 

vertebral  wheel  are  the  ribs.  Once  the  spinal  muscles  learn 

the  trick  of  throwing  their  burdens  on  the  ribs,  they  are  apt  to 

resort  to  it  time  after  time  until  what  was  a  functional  posture 

becomes  a  confirmed  deformity.  If  we  wish  to  rest  the  spinal 

nniscles  or  relieve  the  spinal  column  of  its  weight-bearing 
function,  it  is  clear  we  can  accomplish  those  ends  by  keeping 

af  patient  extended  on  his  back  in  bed. 
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There  is  one  other  point,  too,  we  have  to  keep  in  mind — 
the  pecuharitv  of  the  rotatory  movements  of  the  vertebme 

in  the  loins.  When  we  twist  our  trunk,  either  to  right  or 

left,  as  when  trying  to  look  over  a  shoulder,  it  is  the  spinous 

levers  which  swing  in  the  neck  and  back,  the  centre  of  the 

vertebral  movement  being  on  the  bodies,  but  it  is  exactly 

the  opposite  in  the  loins.  In  lumbar  vertebra^  the  swing  of 
the  spinous  lever  is  prevented  bv  the  interlocking  of  the 

articular  processes ;  but  the  intervertebral  discs  are  deep 

and  permit  the  bodies  to  swing.  The  knowledge  of  that  fact 
is  the  key  to  scoliosis. 

Wa  are  now  in  a  position  to  proceed  with  our  survey,  and 

I  propose  to  begin  in  the  city  of  Philadelphia  in  the  year 

1826.  I  have  a  particular  reason  for  choosing  that  year  and 

place.  Dr.  John  Rhea  Barton,  surgeon  to  the  Pennsylvania 

Hospital  and  member  of  a  widely-spread  Anglo-American 

medical  family,  had  then  performed  a  very  daring  new  opera- 

tion on  a  case  of  anchylosis  of  the  hip-joint.  He  wished  to 
restore  movement  at  the  hi}),  and  for  that  purpose  had  exposed 
and  cut  tlirough  the  neck  of  the  femur  by  means  of  an  incision 

made  along  the  trochanteric  region  of  the  thigh.  Some  years 

later  he  sought  to  restore  movement  to  anchylosed  knee-joints 

by  an  operation  carried  out  on  similar  lines — free  exposure 
and  section  of  the  bones.  I  have  directed  your  attention  to 

Barton's  work  to  show  you  that  at  the  beffinninij  of  the  nine- 
teenth  century  there  was  already  a  native  school  of  American 

surgery  in  which  new  operations  were  initiated  and  successfully 

carried  out.  Twenty  years  later  (1852)  German  surgeons 

introduced  osteotomy  as  a  subcutaneous  operation. 
If  we  would  understand  how  it  was  that  Rhea  Barton 

came  to  adopt  these  new  and  heroic  methods  in  dealing  with 

anchylosed  joints  in  the  Pennsylvania  Hospital  in  1826,  we 

have  to  fix  om*  attention  on  the  senior  membei-  of  its  staff — 

Philip  Syng  Physick — who  in  182()  was  a  man  of  58, 
and  recojjiiised  as  one  of  tiie  most  darinfj  and  thou<£htful 

surgeons  in  America.  In  1788,  when  lie  was  20  years  of 

age  and  hud  completed  his  medical  apprenticeship  under  Dr. 

Kuhn — a   pupil    of    Linna'us — young    Physick,    the   son   of  a 
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man  born  in  England,  embarked  for  London,  and  in  a  grey, 

foggy  day  of  November  1788  sougbt  out  Leicester  Fields  and 

became  an  inmate  of  John  Hunter"'s  great  establishment,  and 
Very  soon  a  favourite  pupil  and  ardent  disciple  of  the  master 

of  British  surgery.  He  helped  Everard  Home,  Hunter's 
assistant  and  brother-in-law,  to  trephine  a  sheep  for  "  the 

stacrp-ers,""  and  saw  a  hvdatid  removed  from  the  brain.  On 
1st  January  1790,  Hunter  chose  him  as  his  house  surgeon 

in  St.  George''s  Hospital,  and  for  twelve  months  Physick 
worked  on  the  most  intimate  terms  with  Hunter,  who  was 

then  ailing  and  ageing  fast,  but  as  zealous  as  ever  in  his 

favourite  pursuits,  and  particularly  interested  in  all  that 

concerns  the  mending  of  broken  bones.  Hunter  tempted 

the  brilliant  Philadelphian  to  make  London  his  permanent 

home,  but  that  was  not  in  the  programme  which  Phvsick  had 

marked  out  for  himself.  So,  spending  a  year  in  Edinburgh 

to  become  a  graduate  of  the  famous  university  of  that  city, 
he  returned  in  the  autumn  of  1792,  a  vount;  man  of  24, 

to  connnence  the  practice  of  his  profession  in  Philadelphia. 

Two  years  later — in  1794- — he  was  elected  to  the  staff  of  the 
Pennsylvania  Hospital ;  in  1805  he  became  the  first  Professor 

of  Surgery  in  the  University  of  Pennsylvania,  and  among  his 

pupils  was  llhea  Barton.  We  do  not  need  Physick's  own 
statement  to  know  that  the  principles  which  he  applied  were 
those  he  had  learned  in  London.  We  have  only  to  look  at  his 

practice  and  see  him  adopt  rest  as  the  chief  means  of  treating 

fractures;  he  designed  his  splints  so  that  tiiey  would  secure 

this  end — particularly  in  disease  of  the  hip-joint.  We  see 

him  apply  Hunter's  "principle  of  stinnilation "  in  cases  of 
delayed  imion  of  fractures.  It  is  characteristic  of  the  man 

that  he  adopted  a  form  of  stimulation  of  his  own.  There 
is  his  famous  case  of  the  sailor  who  had  sustained  fracture 

of  the  shaft  of  the  humerus  at  sea,  and  came  for  treatment 

eighteen  months  later  witii  the  broken  ends  still  apart. 

Physick  passed  a  seton  through  the  arm  so  that  it  lav  be- 
tween the  broken  ends  of  the  humerus.  In  five  months  he 

secured  a  perfect  union.  It  was  in  181G,  when  he  gave  up 

"the  chair  of  Surgery  to  fill  that  of  Anatomy,  that  he  made 
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liis  most  important  discovery — the  absorbability  of  ligatures 

prepared  from  animal  tissues.  He  died  in  1837  in  his  sixty- 
ninth  vear.  Thus  in  Philip  Syng  Phvsick  we  have  not  only 

the  "  P^ather  of  American  Suroerv."  but  also  the  most  interest- 
ing  and  important  link  that  binds  together  the  medical 
histories  of  Britain  and  America. 

We  are  now  to  move  northwards  to  the  city  of  New  York, 

because  it  is  there  we  can  best  get  to  know  the  principles  which 

have  been  followed  by  A  merican  surgeons — particularly  by  the 

pioneers  of  orthopsedic  surgery.  In  183T — the  vear  in  which 

Philip  Phvsick  died  in  Philadelphia — New  York,  like  London, 
received  its  Stromeverian  missionarv  ;  in  London,  the  mission- 

ary was  William  John  Little ;  in  New  Vork  he  was  named 

William  Ditmold.  Ditmold  was  born  in  Hanover  in  1808, 

and  was  thus  in  his  twenty-ninth  year  when  he  settled  in  his 

adopted  city  to  introduce  the  orthopaedic  practice  of  his 

master,  Stromeyer.  He  became  surgeon  to  Bellevue  Hospital 

in  184-1,  dying  in  1894-  at  the  age  of  86. 
Ditmold  interests  us  now  only  in  so  far  as  he  served  to 

introduce  to  American  surgeons  of  his  time  the  most  approved 

orthopiedic  methods  of  Germany.  But  our  interest  is  of  a 

very  different  kind  in  the  case  of  Louis  Bauer,  who  was  also 

born  in  Germany  in  1814,  studied  under  Stromeyer,  and  after- 

wards emigi-ated  to  New  Yoi'k  and  settled  as  an  orthopjcdic 
surgeon  in  Brooklvn.  I  do  not  know  tiie  exact  vear  of  his 

emigration,  but  apparently  it  was  1852,  when  he  was  38  years  of 

age.  In  that  year  he  spent  some  time  in  London,  watching  the 

practice  of  Little,  learning  English,  and  ultimately  becoming  a 
member  of  the  Collci^e  of  Surgeons.  He  became  attached  to 

the  Medical  and  Surgical  Institution  of  Brooklvn,  where  he 

gave  lectures  on  orthopjcdic  surgery,  and  at  the  same  time  kept 

up  a  running  fire  of  criticism  on  the  practice  of  the  American 

leaders  of  the  New  York  School  of  Orthop;edic  Sui'gerv — 

Charles  Fayette  Tayloi-,  Ilem-y  G.  Davis,  and  Lewis  Sayre. 
It  will  repay  us  presently  to  examine  the  nature  of  his  criticism. 

Thomas  of  Liverpool  also  kept  his  eye  on  Louis  Bauer,  and 

was  sometimes  particularly  severe  in  the  criticism  he  measured 

out    to   him  ;    his  sharpest  arrows,  however,  he   reserved   for 
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Bauer''s  rivals — Davis  and  Savre.  "  In  mv  early  life,"  Thomas 
wrote,  "  I  was  in  my  practice  a  close  imitator  and  an  ardent 
admirer  of  my  friend,  Dr.  Louis  Bauer — the  best  exponent  of 

American  orthopaedics/"'  Everything  we  can  now  learn  of  this 
American  pioneer  justifies  the  acumen  of  Thomas's  earlier 
judgment.  In  1864  Bauer  published  his  lectures  on  ortho- 
pa?dic  surgery  in  book  form  ;  a  second  edition  appearing  in 

1868.  I  daresay  many,  like  myself,  have  picked  up  these 

lectures,  expecting  to  find  them  designed  for  an  ephemeral, 

perhaps  selfish,  j)urpose,  and  have  been  surprised  to  find  them 

not  only  excellently  written,  but  exceedingly  instructive. 

Bauer's  orthopaedic  lectures,  although  they  may  not  mark 
the  beginning  of  a  new  movement,  yet  certainly  do  represent 

a  real  step  in  our  progress,  and  deserve  a  place  on  the  book- 
shelves of  every  surgeon  who  desires  to  apply  treatment  on  a 

rational  basis.  The  curse  of  orthopaedic  practice,  in  I^ouis 

Bauer's  opinion,  was  that  form  of  empiricism  which  we  call 
quackery.  In  his  o[)inion  there  was  only  one  cure  for  the  men 

who  wen;  under  its  spell :  a  knowledge  of  the  mechanism  of 

the  living  human  body.  We  have  only  to  open  his  pages  to 

see  that  he  had  mastered  all  that  Marshall  Hall,  Delpech, 

and  Duchenne  could  teach  him  concerning  the  action  of 

muscles,  nerves,  and  reflex  centres.  He  had  extended  the 

knowledge  so  gathered  by  personal  observation,  and  applied  it 

with  success  to  the  treatment  of  deformities  wliich  are  produced 

by  irregular,  inco-ordinated  muscular  action.  He  was  an  un- 
Hinchini*:  advocate  of  the  beneficial  action  of  rest.  The 

surgeon,  he  maintained,  had  no  better  means  of  securing  repair 

for  an  injured  or  diseased  joint  than  by  resting  it.  As  is  ever 

the  case  with  those  who  give  that  doctrine  an  unconditional 

observance,  there  came  to  him,  jjarticularly  in  the  earlier 

yeai's  of  his  career,  moments  of  rude  awakening.  When  he 
had  tided  joint  cases  successfully  through  their  acute  and 

critical  phases,  and  only  stiffness  remained  to  be  cleared  up, 

bone-setters  and  s{)rain-rubbei-s  would  step  in  and,  in  a  night, 
reap  the  harvest  he  had  sown.  From  such  unlicensed  practi- 

tioners Bauer  became  convinced  that  "Action"  as  well  as 

"Rest"  must  have  a  place  in  the  surgeon's  armamentarium. 
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He  maintained  that  the  various  methods  of  traction  wliich 

surgeons  applied  to  limbs  for  the  relief  of  joint  disease — 
particularly  those  devised  by  his  New  York  contemporary, 

Henrv  G.  Davis — were  merely  clumsy  methods  of  securing 
rest.  It  is  true,  as  he  asserted,  that  traction  cannot  separate 

the  oppo^d  surfaces  of  an  inflamed  joint ;  but  he  quite  over- 
looked the  peculiar  virtue  of  the  method  of  traction  applied 

by  Davis  to  the  lower  extremities  in  I860.  Davis  in  New 

York  and  Thomas  in  Liverpool  had  independently  worked 

out  the  same  idea — the  idea  which  finds  its  most  practical 

expression  in  Thomas''s  knee  splint.  That  splint,  as  we  have 
seen,  is  designed  to  serve  as  a  temporary  skeleton  for  the  limb  ; 

when  it  is  fitted  in  place  with  its  ring  resting  on  the  natural 

base  of  the  lower  limb,  the  pelvis,  and  the  muscles  of  the  limb 

yoked  to  its  foot-piece  by  a  traction  apparatus,  then  the 
splint  serves  exactly  the  purpose  of  a  temporary  skeleton. 

The  tonus  and  contraction  of  the  muscles,  instead  of  being 

conveyed  through  the  diseased  bones  and  joints,  are  conducted 

by  the  framework  of  the  splint-skeleton.  If  Bauer  failed  to 

see  the  merits  and  rational  design  of  Davis's  splint — Say  re  was 
quick  to  see  them — he  at  least  saw  that  the  method  of  traction 
which  yoked  a  movable  patient  to  the  foot  of  an  immovable 

bed  was  based  on  a  foolish  principle. 

As  regards  the  treatment  of  caries  of  the  spine,  we  again 

find  Bauer  insisting  on  rest  as  the  beginning  and  end  of  treat- 

ment. There  was  only  one  way — rest  in  bed  in  the  supine 
position.  The  need  for  fresh  air,  sunshine,  and  movement  he 

regarded  as  vidgar  delusions.  S[)inal  supports  of  all  kinds — 

corsets,  mechanical  appliances,  particularly  the  "  spinal  assist- 

ant "  of  Charles  Fayette  Taylor — were  pure  "  make-believe," 
because  they  did  not  and  could  not  relieve  the  spinal  cohnun 

of  its  weight- bearing  function.  He  declared,  (juite  truly,  that 
no  instrument  had  been  invented,  or  could  be  invented,  which 

would  serve  to  transmit  the  weight  of  the  head  and  shoulders 

and  trunk  to  the  pelvis,  and  thus  relieve  the  spinal  cohnun  of 

tlie  burden  which  falls  on  it  when  a  patient  stands. 

We  should   make  a   mistake   were   we    to    accept   Bauer's 
estimate    of    his   New    York    contemporary,    C.    ¥.    Taylor. 

12 
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His  was  a  very  distinctly  marked  character  —  recalling  in 
many  points  our  English  surgeon,  H.  O.  Thomas.  He  was 

born  in  the  same  year,  18J3-t ;  he,  too,  found  that  he  must 
design  and  forge  his  own  appliances  if  his  ideas  were  to  be 

carried  out  successfully  in  practice  ;  he  also  knew  that  the 

effective  application  of  mechanical  apparatus  entaildcl  endless 

demands  on  the  surgeon's  time,  skill,  and  care ;  he  drew  his 
knowledge,  not  from  books,  but  from  his  personal  experience. 

He  was  a  medical  graduate  of  New  York,  and  in  1857,  when 

2t3  years  of  age,  settled  down  there  to  orthopsedic  practice. 

From  the  very  beginning  he  devoted  himself  to  the  treatment 

of  caries  of  the  spine  —  particularly  incipient  cases.  The 

disease  at  that  time  had  a  particularly  evil  reputation — one 
which  Taylor  regarded  as  more  than  justified  after  he  had 

applied  the  forms  of  treatment  which  were  then  taught  and 

used.  He  laboured  sixteen  years  in  perfecting  an  appliance — 

his  "spinal  assistant" — to  act  as  a  temporary  spinal  column. 
He  chose  the  pelvis  as  the  base  on  which  to  rear  his  artificial 

spinal  support,  making  the  pelvic  fit  perfect.  On  the  pelvic 

base  he  erected  a  pair  of  vertical  steel  supports,  to  wiiicli  he 

tried  to  transfer  the  weight  of  the  upper  part  of  the  body  by 

shoulder  supports.  It  is  not  his  being  a  pioneer  in  the  elabora- 
tion of  spinal  supports  that  has  induced  me  to  bring  him  to  your 

notice,  but  because  I  am  under  the  belief  that  his  example  in 

playing  the  part  of  an  expert  mechanician  has  had  a  very 

permanent  influence  on  the  modern  American  School  of  Ortho- 

pfedic  Surgery.  In  18G6,  when  he  was  32  years  of  age,  he 

founded  the  New  York  Ortiiop;iedic  Dispensary.  ̂ Ve  see  the 

degree  of  importance  he  attached  to  the  proper  make  and  fit 

of  mechanical  apparatus  when  he  gave  as  much  space  and  care 

to  the  rooms  in  winch  appliances  were  to  be  forged  and 

moulded  as  to  the  wards  set  aside  for  tiie  treatment  of  patients. 

It  was  apparently  Taylor,  more  than  anyone  else,  who  gave 
mechanical  appliances  their  important  place  in  the  scheme  of 

orthopaedic  surgery  in  America. 

We  come  now  to  a  big  man — one  who  altogether  captures 

our  interest — Lewis  A.  Sayre,  born  in  Madison  C'itv,  New 
Jersey,  in  1820,  but  for  all  that  a  true  son  and  citizen  of  New 
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York.  He  sailed  the  open  sea  of  general  surgery  ;  the  inland 

waters  of  a  speciality  were  too  narrow  for  him.  Nature  had 

given  the  ship  he  sailed  ample  lines  and  a  heavy  armament,  he 

could  and  did  use  her  for  fighting  purposes  ;  he  would  send  a 
warninn;  shot  across  the  bows  of  an  enemy  craft  in  the  best  of 

good-humour,  but  for  the  greater  part  he  used  this  ship  of 
his  not  for  his  own  ends  either  in  fighting  or  in  profiteering, 

but  for  rescue  purposes.  He  was  the  first,  so  it  is  said,  to 

quarantine  a  cholera  ship ;  I  am  sure  the  storm  of  opposition 

which  his  prompt  and  daring  action  aroused  in  New  'S'ork 

never  cost  him  a  minute"'s  sleep. 
We  are  to  make  Say  re's  acquaintance  on  a  November 

afternoon  in  1874,  in  his  Out-patient  Department  attending 
to  poor  and  ailing  children  drawn  from  slum  districts  of  New 

York.  He  was  then  55  years  of  age  ;  he  had  seen  thirty  years  of 

similar  service  in  the  Charity  Hospital  in  Blackwell's  Island  in 
the  East  River ;  he  had  been  already  twenty-one  years  on  the 

staff'  of  Bellevue  Hospital ;  thirteen  years  before  (18G1)  he  had 
been  appointed  to  the  chair  of  Orthopaedics,  then  newly 

established  in  connection  with  that  hospital.  At  the  very 

begiiming  of  his  career  he  had  served  an  apprenticeship  in 

anatomy.  At  the  time  we  meet  him  his  knowledge  and 

experience  are  ripe.  His  eye  fell  on  a  type  of  case  with 

which  he  was  only  too  I'amiliar — a  slum-child  carrying  its 
body  stiffly  and  guardedly.  For  many  years  he  jiad  been 

searching  for  a  means  by  which  his  out-patient  dispensary 
could  give  effective  help  to  poor  children  suffering  from  early 
condition  of  caries  of  the  spine.  That  afternoon  an  idea 

occurred  to  him.  He  had  been  in  the  habit  of  aj)plyin(>-  to 
the  back  of  such  cases  a  moulded  plaster  of  Paris  splint,  but 
he  now  resolved  to  see  how  a  splint  whicli  enclosed  the  whole 

trunk  would  answer.  He  took  the  suffering  boy  and  suspended 
him  from  a  tripod  by  slings  applied  to  the  head  and  shoulders 

to  straighten  the  spinal  column  and  relieve  it  of  its  weiflit- 

l)earing  function.  Suspension  gave  ease,  and  he  proceeded  to 

fix  the  boy  in  the  suspended  attitude  by  encircling  the  trunk 

in  a  plaster  of  I'aris  jacket.  He  feared  as  he  enclosed  tlie 
thorax    he    might    produce  suffocation,  but   his    fears  proved 
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groundless.  He  did  forget,  however,  that  the  stomach  needed 

room  at  meal  times;  that  he  made  amends  for  on  subse(|uent 

occasions  by  placing  a  pad  on  the  epigastrium  before  moulding 

the  plaster  jacket.  He  laid  the  boy  on  a  sofsx  to  dry,  and 

found,  when  the  plaster  was  set,  that  he  was  not  only  relieved 

of  pain,  but  that  he  could  use  his  limbs  with  greater  freedom 

and  security.  His  mother  was  ordered  to  bring  him  back  in 

ten  days ;  but  weeks  elapsed  without  his  reappearance.  About 

thi'ee  months  later  Sayre  captured  his  little  patient  in  the 
slums,  and  carried  him  to  his  lecture  theatre  to  show  liis 
students  the  result  of  his  new  method  of  treatment.  The 

plaster  jacket,  he  found,  still  served  its  spinal  purpose  satis- 
factorily ;  it  had  not  effected  a  cure,  for  when  it  was  undone 

and  removed,  the  boy  was  unable  to  sit  or  stand  in  comfort. 

The  jacket  was  once  more  reapplied  and  the  boy  sent  home 

again. 
Further   experience  convinced   Sayre  that  the  method  he 

had  invented  was  not  only  cheap  and  easy  of  application,  but 

effective  in  combating  and  curing  one  of  the  most  disastrous 

blights  of  youth.      He  was  philanthropist  and  missionary  as 

well  as  surgeon  ;  he  started  a  crusade  and  succeeded  in  awaken- 
ing the  world  to  the  value  of  his  discovery  ;  many  a  mother 

and  many  a  surgeon,  it  is  said,  has  blessed  the  name  of  Lewis 

Sayre.     Rut  time  has  proved  that  Louis  Bauer  was  right  when 

he    declared  that  there  were  no  means  of  giving  the  spinal 

coknnn  rest  except  by  lying  down.     Experience  has  shown  that 

all  forms  of  ensheathing  plaster  splints  have  certain  grave  dis- 
advantages.    The  circulation  of  a  limb  or  part  of  the  human 

body  which  is  encased  in  plaster  of  Paris  is  reduced  to  exactly 
the  same  state  as  the  circulation  within  the  cranial  cavity  or 

within  the  medullary  cavity  of  a  bone  ;  each  pulse  beat  lias  to 

drive  out  from  the  veins  the  equivalent  of  blood  entering  by 
the    arteries ;    the    whole    burden    of  the    circulation    in    the 

immobilised  limb  is  thrown  directly  on  the  heart  and  therefore 

the  circulation  of  the  diseased  part  suffers.     That  is  relatively 
a  small  matter,  but  there  is  a  greater  danger.     One    knows 

liow  slight  a  cause  will  give  rise  to  the  circulatory  condition 

we  call  compression  of  the  brain.     A  plaster  splint,  applied 
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sufficiently  accurately  to  a  limb  to  serve  the  purpose  of  im- 
mobilisation, must  press  on  certain  capillary  areas  of  that  limb 

— a  damao;ed  limb.  We  have  therefore  the  risk  of  areas 

deprived  of  blood  and  nourishment,  areas  of  ischfemia  and 

destruction  of  muscles.  The  application  of  a  plaster  jacket  or 

splint  relieves  the  surgeon  and  the  parent  of  a  daily  burde)i 

of  care,  but  the  burden  they  have  relieved  themselves  of  has 

been  cast  on  the  natural  reparative  powers  of  the  spine  or  limb 

— an  injured  or  diseased  spine  or  liml)  with  a  damaged 
circulation. 

The    strong   personality    of    Eewis    Sayre    is    seen    in    his 

Lectures  on  Orthopivdic  Siirgrrf/,  first  published   in   1876.      I 
cannot  conceive  that  these  lectures  will  cease  to  be  read  by 

surgeons  ;    every  chapter  is  a  sheaf  from  his  own  harvest  of 

experience.     ̂ Ve  see  in  him,  as  in  his  present-day  successors, 
a   distrust  of  general    principles ;    methods    of  treatment,  he 

thought,  must  be  framed  to  meet  the  needs  of  each  individual 

case.     In  disease  of  the  hip-joint,  although  he  agreed  that  it 
was  necessary  to  ensure  rest  in  the  early  and  acuter  phases  of 

the  disease,  he  also  maintained  that  such  rest  damaged  the 

muscles    and  other  structures  which  surround  the  joint,   and 

that  movement  should  be  given  to  the  joint  at  the  earliest 

possil)le  moment.     Sprains  he  treated  by  rubbing,  compression, 

and    movement.     He    had    arrived   at  a  rational  explanation 

of  knock-knee  ;  it  was  due  primarily  to  a  failure  of  the  muscles 
which  supported  the  inner  side  of  the  joint.      His  observations 
on  muscles  of  the  limbs  maimed  by  infantile  paralysis  are  of 

immediate  and  practical  importance.      He  observed  that  some 

nniscles  which  were  believed  to  be  completely  paralysed  and 

iiad  undero-one    fatty  dei£eneration    could   <i;ive    a    slight    and 
evanescent  response  to  galvanic  stinuilation  many  years  after 
the  onset  of  the  oriijinal  disease.      He  saw  that  such  muscles, 

after    having    been    stimulated,    re(|uired    a    long    rest   i)ef()T,- 

they  would  respond  again   to  another  galvanic  stimulus.      He 

was   of   opinion    that    the    stimulation    of   paralysed    muscles 

by  electrical  means,  particularly  in  the  earlier  stages  of  that 
condition,    did    the    nniscles    an    injury.      He    laid    aside  the 

mechanical  ai)pliances  ho  had  been  using  for  the  treatment  of 
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paralysed  limbs  and  devoted  himself  to  the  nursing  and  edu- 
cation of  individual  muscles.  He  had  the  observant  eye,  and 

was  quick  to  realise  the  significance  of  a  clinical  fact  and 

always  ready  to  modify  his  treatment  to  ifit  his  more  ripened 

knowledge. 

In  our  research  for  guidance  in  the  treatment  of  disabled 

soldiers  we  have  been  examining  the  orthopa?dic  practice  of 

certain    New    York    surgeons    during    the   latter  half   of   the 

nineteenth  century.      We  may  continue  our  search  by  moving 

northwards  along  the  coast  to  Boston,  the  scene  of  Bigelow's 
labours.     His  treatise  on  the  hip-joint  is  a  standard  example 
of    how    a    knowledge    of  anatomy    can    serve   the    needs   of 

surgery.     Our  visit  to  Boston,  however,  has  another  object  in 

view,     A  survey  of  modern  orthopfedic  practice — even  were  I 
fit  to  undertake  such  a  task — would  take  us  too   far  afield. 

Anyone  wishing  to  ascertain  the  principles  which  guide  and 

regulate  the  orthopaedic  practice  of  modern  surgeons  may  well 

find  them  in  the  last  edition  (1916)  of  OrthopwiUc  Surgcrij,  by 
Dr.  E.  H.  Bradford,  Emeritus  Professor,  and  Dr.  R.  W.  Lovett, 

Professor  of   Orthopaedics  in  Harvard  University.     Professor 

Bradford  commenced  his  career  with  the  capitalised  experience 

of  Bauer,  Taylor,  Davis,  Sayre,  and  Thomas  at  his  disposal, 
and  he,  I  think,  is  the  chief  link  between  the  old  school  and 
the  new  one.     There  is  no  school  in  the  world  so  active  in  the 

pursuit  of   new  and  improved  means    of   treatment,  so  little 

satisfied  with  those  at  present  at  its  disposal,  as  the  modern 

sciiool  of  American  orthopanlic  surgeons.      It  seeks  help  from 
every  line  of  new  endeavour  in  anatomy,  physiologv,  pathology, 
physics,  electricity,  and  particularly  in   mechanical  appliances. 
It  inclines  to  draw  its  inspiration  from  recent  discoveries  made 

abroad    rather   than    frojn    the    solid    experience    of  its    pre- 
decessors of  the  nineteenth  century.     One  has  only  to  turn  to 

the  recent  monograph  on  the  Treatment  of  Infantile  Parah/sis, 
hy  Professor  Lovett,  to  sec  how  thoroughlv  modern  phvsiologv 
can  be  applied  in  the  restoration  of  nuiscular  function.     Our 

main  aim,  however,  is  to  ascertain  how  tiie  modern  American 

surgeon  ftices  and  solves  the  most  difiicult  orthoj)!edic  problem 

presented    by    the    human    body — spinal    deformities   due    to 
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static  causes.  This  problem  is  one  of  immediate  interest  to 

the  recruiting  surgeon.  How  are  we  to  prevent  such  blemishes 

and  how  cure  them  once  they  have  become  hai'dened  deformi- 
ties ?  All  are  agreed  that  a  true  knowledge  of  their  produc- 
tion will  provide  us  with  a  certain  means  of  preventing  their 

occurrence  and  the  most  likely  means  of  removing  them  if  they 

are  once  established ;  all  are  agreed  that  such  deformities  are, 

in  their  earlier  stages,  purely  temporarv  in  character,  dis- 
appearing completely,  or  almost  completely,  by  voluntary 

effort.  All  are  agreed  that  the  earlier  stages  can  be  remedied 

by  proper  attention  to  the  work  of  the  spinal  column — by 

seeing  that  its  musculatui'e  has  proper  periods  of  rest  and 
exercise.  All  agree  that  a  lazy  liabit  of  mind  on  the  part  of 

a  boy  or  girl  may  have  some  share,  but  not  an  essential  shai'e, 
in  producing  the  deformity.  The  static  muscles  of  the  spine 

are  mainly  regulated  by  a  reflex  mechanism  centred  in  the 
cord  ;  this  mechanism  may  break  down  from  several  causes. 

Apparently  its  efficiency  depends  on  the  full  action  of  the 

glands  or  organs  of  internal  secretion,  and  a  change  does  come 

over  that  system  at  puberty.  As  yet  we  can  only  suspect,  not 

prove,  that  some  disturbance  of  this  kind  is  the  immediate 

cause  of  a  loss  of  static  function  in  the  spinal  musculature. 

When,  however,  the  deformity  becomes  fixed,  tiie  bones 

permanently  moulded  into  new  forms,  and  the  ligaments  con- 
tracted or  lcn<rthened  to  fit  new  conditions — what  is  to  be 

done?  As  in  heart  disease,  perfect  compensation  may  be 

attained  by  an  increased  strength  and  action  on  the  part  of 

the  spinal  musculature,  and  the  progress  of  the  deformity  may 

thus  be  arrested,  or  compensation  may  fail  and  the  deformity 

become  progressively  worse.  I  think  I  am  right  in  saying  that 

the  prevailing  opinion  in  the  United  States  to-day  is  that  such 
deformities  should  be  obliterated  and  normal  curvatures  re- 

stored by  means  of  direct  and  forciI)le  compression.  One  of 

the  most  ingenious  methods  ;ipj)Ii('(l  is  that  elaborated  by 
Dr.  E.  G.  Abbott,  of  Portland  (Maine).  He  proceeds  on  the 

principle  that  lateral  cm-vatures  must  be  over-corrected — that 

an  abnormal  curvature  to  the  left  must  be  comj^-cssed  until 
it  becomes  an  abnormal  curvature  to  the  riwht.      He  believes 
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that  the  rectification  can  be  most  easily  effected  when  the 

spine  is  slightly  flexed  and  flaccid.  He  therefore  encases  the 

trunk  in  plaster  of  Paris,  while  the  patient  occupies  a  hammock, 

lying  in  the  supine  position.  The  spine  is  thus  fixed  in  a 

flexed  posture.  The  trunk  being  so  encased,  pressure  is 

applied  by  inserting  graduated  pads  of  felt  between  the  rigid 

plaster  encasement  and  the  convexities  of  the  curvature.  Such 

pads  will  exercise  a  pressure  on  the  convexities  of  the  curva- 
ture. Windows  are  cut  in  the  encasement  over  the  con- 

cavities of  the  curvatures  on  the  opposite  side  of  the  body, 

thus  permitting  such  parts  to  move  towards  a  rectified  posi- 
tion. As  the  convexities  yield,  new  pads  are  inserted  to 

produce  further  pressure  and  a  further  degree  of  rectification. 

It  is  important  to  note  that  the  compressing  force  is  mainly 

applied  to  the  spine  through  the  ribs ;  the  shoulder  muscles 

are  also  utilised  indirectl3^ 

The  matter  is  worthy  of  our  closest  attention,  for  it  in- 
volves not  only  the  treatment  of  static  deformities,  but  the 

management  of  every  kind  of  spinal  patient.  I  am  sure  that 

Dr.  Abbott's  methods  will  appeal  to  many  because  of  their 
apparent  simplicity  and  effectiveness.  When  we  come,  how- 

ever, to  look  more  closeh^  into  the  principles  involved  we  shall 
find  that  the  method  does  not  rest  on  a  true  physiological 

basis,  and  that  any  improvement  obtained  by  Dr.  Abbott's 
method  is  only  apparent  and  is  confined  merely  to  the  surface 

of  the  body.  Sayre  was  of  opinion  that  the  scrratus  magnus, 
through  its  action  on  the  ribs,  was  somehow  concerned  in  the 

production  of  scoliosis  ;  at  an  earlier  date,  Stromcyer  expressed 
even  more  emphatically  a  somewhat  similar  opinion.  No  one 

who  has  studied  the  position  assumed  by  the  vertebra^  in  the 
earlier  and  temporary  stages  of  scoliosis,  and  particularly  the 
position  in  which  vertebne  become  fixed  in  the  late  and  final 

stages  of  the  deformity,  can  fail  to  be  convinced  of  the  essential 

part  played  by  ril)s  in  its  production.  There  are  a  number  of 

conditions  one  has  to  keep  in  mind  in  determining  the  exact 
share  taken  by  the  ribs  in  producing  the  spinal  deformity 

to  which  we  aj)j)ly  the  designation  of  scoliosis.  The  inter- 

vertebral cushions  are  perhaps  the  most  delicately  constituted 
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adaptations  in  the  human  body  ;  it  may  be  said  of  them  that 

they  have  only  a  moment  of  prime  development  which  is 

reached  about  the  nineteenth  year.  Every  decade  after  tliat 

year  their  delicacy  and  balance  is  declining ;  the  suppleness  of 

the  spine  decreases,  and  the  function  of  the  balancing  static 

muscles  is  thus  eased.  The  proper  levers  of  the  vertebra; — 

the  spinous  and  transverse  processes — are  short,  and  the 
muscles  attached  to  them  act  at  a  disadvantage,  as  thev 

balance  one  segment  on  another.  It  is  otherwise  with  the 

ribs  ;  they  are  long  and  powerful  levers,  particularly  from  the 

fifth  to  the  tenth  inclusive,  and  the  great  muscular  sheets 

attached  to  their  lateral  and  ventral  aspects  can  act  at  an 

enormous  advantage,  compared  to  the  muscles  acting  on  short 

transverse  and  spinous  processes. 

Every  one  is  agreed  that  the  scoliotic  posture  is  primarily 

assumed  to  rest  the  muscles  which  balance  the  vertebrae  upon 

each  other  and  maintain  the  spine  in  the  erect  position.  It 

is  also  agreed  that  rest  is  obtained  by  an  interlocking  or 

wheeling  vertebral  movement,  but  the  ])art  played  by  the 

ribs  in  checking  the  rotation  of  the  vertebne  and  the  lateral 

curvature  of  the  spine  has  not  been  sufficiently  emphasised. 

The  ribs  are  the  spokes  wjiich  are  thrust  into  the  vertebral 

wheel  and  bring  rest  to  the  spinal  muscles.  When  the  proper 

spinal  nmscles  begiji  to  yield  from  exhaustion  the  vertebne 

swing  round  until  they  are  held  uj)  i)v  ligaments  which  bind 

their  transverse  process  to  the  necks  of  the  ribs ;  the  ribs 

would,  if  thev  could,  swing  round  with  their  vertebnc,  but 

they  are  held  by  the  powerful  abdominal  and  intercostal 

musculature.  In  reality  the  spinal  muscles  ab.andon  their 

static  function  to  the  poweiful  muscles  which  act  on  the 

lateral  and  ventral  parts  of  the  ribs.  Thus  the  vertebra' 
instead  of  being  balanced  on  each  other  come  to  be  braced, 

whenever  the  erect  posture  is  assumed,  against  the  dorsal 

ends  of  the  ribs,  which  soon  begin  to  yield  and  become  de- 

formed in  the  manner  with  which  every  one  is  familiar.  Evei'v 
rotatory  movement  in  the  dorsal  region  of  a  heulthv  s])inal 

column  is  compensated  by  a  simultaneous  rotation  in  the 

liMubar    region.      We    have    already    noted    that    the    hniibar 
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and  dorsal  rotations  are  of  a  totally  different  kind.  The 

dorsal  is  the  primary  movement ;  its  centre  or  vertical  axis 

is  in  front  of  the  spinal  cord  represented  by  the  vertebral 

bodies.  The  lumbar  I'otation  is  secondary ;  its  axis  or  centre 
lies  behind  the  spinal  cord  represented  by  the  articular  pro- 

cesses. The  dorsal  rotatory  movement  is  checked  by  the  ribs ; 
the  simultaneous  and  correlated  lumbar  movement  is  checked 

as  the  intervertebral  discs  become  taut  and  stretched.  The 

dorsal  rotation  is  the  primary  one ;  all  our  efforts  must  be 

directed  to  prevent  its  occurrence  ;  or  if  it  has  occurred  and 

become  fixed,  to  undo  it.  If  we  succeed,  the  secondary  lumbar 
rotation  will  become  undone. 

Scoliosis  is  a  deformity  of  exactly  the  same  nature  as 

knock-knee  and  flat  foot — one  due  to  muscles  becoming  unfit 
for  their  static  purpose  and  abandoning  it  to  structures  which 

yield  under  constant  pressure  and  become  deformed.  All  are 

conditions  which  should  never  appear  in  a  really  civilised 

conununity,  because  they  are  preventable.  The  foot  and 

knee  are  accessible  for  the  application  of  direct  treatment, 

but  as  regards  the  spine  that  is  not  the  case.  The  spine  has 

collapsed  within  the  costal  cage,  deforming  the  dorsal  end  of 

the  ribs  to  an  extreme  degree.  In  the  ])roduction  of  the 

deformity  the  ribs  have  been  passive  agents.  How  then  can 

we  hope  to  use  them — as  Abbott  seeks  to  do — as  the  active 

agents  in  undoing  spinal  deformities .?  It  is  true  that  at  an 
early  stage  of  the  deformity  the  dorsal  ends  of  the  ribs  might 

be  used  as  levers  to  undo  the  rotation  of  the  vertebra^ ;  it 

is  clear  that  Dr.  Abbott  regards  them  in  this  way  when  he 

applies  pressure  to  the  convexity  of  their  dorsal  ends  to  undo 

abnormal  curvatures ;  but  in  late  stages  such  pressure  could 

only  remove  a  surface  deformity — the  deep  essential  deformity 
of  the  spine  would  still  remain,  for  that  cainiot  be  undone  by 

means  of  pressure  applied  to  the  ribs.  The  true  agents  of 

rcdemj)tion  are  the  nuisdes  of  tlie  short  level's  of  Mie  vertebra^ 
— the  erector  spinje  and  its  derivatives,  which  act  on  the 

spinous  and  transvei'se  processes.  .Anv  form  of  exercise,  and 
for  preference  the  exercise  obtained  bv  games  and  other  forms 

of  physical   recreation,  will   ensure   the    full    action   of   these 
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iiuiscles,  for  the  more  we  use  our  lungs  the  more  must  we 

use  our  spinal  muscles  for  respiratory  fixation.  I  will  not 

pursue  this  matter  further.  My  aim  has  merely  been  to  show 

that,  when  all  is  said  and  done,  it  is  anatomy  and  physiology 

that  are  the  surgeon's  best  guides  to  rational  means  of  spinal 
treatment. 



Just  Lucas-Cham imonni eke, 
BoKN  1843  ;  Died  1913. 

CHAPTER  XII 

MOVEMENT  AS  A  MEANS  OF  TREATMENT 

The  scene  of  this  chapter  is  laid  in  France.  If  we  had  taken  up  the 

mattt-rs  discussed  in  these  chapters  in  their  chronological  order  then  this 
should  have  formed  the  first  of  the  series,  for  France  is  the  cradle  of 

orthopaedic  surger)\  When  Hunter  was  spending^  his  boyhood  at  Long 
Calderwood,  NiCOLAS  Andrv,  Professor  of  Medicine  in  the  Universit)'  of 
Paris,  published  a  work  to  which  he  gave  the  name  Orthopedia.  Andry 
had  laid  hold  of  the  truth  that  the  living  body  is  shaped  by  its  muscles  ; 

that  if  we  would  have  our  children  grow  up  with  straight  and  well-formed 

bodies  we  must  see  that  they  have  proper  exercise  ;  that  if  the  bodj- 
becomes  deformed  a  proper  use  of  muscles  will  remove  the  deformity. 

When  Orthopedia  appeared  in  1 741 ,  its  author  was  in  his  eight  \--sccond  year  ; 
he  died  in  1742.  Andrj-  failed  to  make  the  world  realise  the  practical 
nature  of  his  teaching.  Seventy  years  after  his  death  the  Swede,  Peter 

Henry  Ling,  succeeded.  For  us  the  most  important  figure  in  France 
during  the  Iluntcrian  period  is  Jkan  Pikrrk  David,  Professor  of  Anatomy 

and  Surgi-ry  at  Rouen.  He  was  born  in  1737  and  died  in  1784,  beginning 
life  nine  years  after  Hunter  and  finishing  nine  years  before  him.  For 

the  first  time  he  defined  the  respective  places  of  "  rest  "  and  of  "  motion  " 
in    the    treatment    of   singical    disorders.      David   was   born   and    bred    in 

188 
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North  France  ;  his  successor  in  point  of  time,  Jacqles  Delpech,  one  of 

the  most  brilliant  fig-ures  which  has  ever  appeared  in  surgery  and  the 
virtual  founder  of  orthopaedic  surgery,  was  of  the  South.  He  was  born 
in  Toulouse  (1777),  studied  at  Montpellier,  where  he  became  Professor  of 

Surg-ery  and  wliere  he  was  murdered  in  1832,  at  the  age  of  55.  He  based 
his  orthopaedic  practice  on  the  knowledge  he  had  gathered  as  anatomist; 

physiolog-ist,  and  embrj^ologist.  The  year  of  his  death — 1832 — marks  the 
commencement  of  the  Stromeyerian  school,  which  came  to  be  represented 

in  France  by  M.  Bouvier  (1799-1877)  and  Jules  Louis  Gukrin  (1801-1886). 
They  were,  as  we  have  seen,  contemporaries  of  Duchenne.  As  repre- 

sentatives of  general  surgery  during  this  period  we  have  selected 

J.  F.  Malgaigne  of  Paris  (1806-1865)  iind  Amedek  B.  Bonnet  of  Lyons 

(1802-1858).  Both  were  apostles  of  "rest."  Then,  finally,  appears 
Just  Lucas-Championniere — a  son  of  Xorthern  France  and  an  uncom- 

promising advocate  of  movement  as  a  curative  agency  in  the  treatment 

of  all  conditions  which  result  from  injuries  and  accidents.  Championni^re 
was  born  in  1843  and  died  in  1913  at  the  age  of  70. 

EVERY  one  of  the  surgeons  whose  practice  we  have 
followed  so  far  has  counselled  us  to  rest  a  limb  if  we 

would  aid  Nature  in  effecting  a  repair  of  its  wound,  injury, 

or  disease.  The  onlv  exception  is  Lewis  Say  re ;  he  permits 

us  to  see,  both  by  his  precept  and  example,  that  there  is 

another  agent  which  Nature  may  call  to  Iter  aid  in  restoring 

health  to  a  part — namely.  Action  or  Movement.  In  order 
that  we  may  ascertain  the  place  which  should  be  assigned  to 

action  as  a  ciu'ative  agent,  I  pro])ose  to  lay  the  scene  of  the 

present  chapter  in  France,  for  we  shall  find,  even  in  Ilimter's 
time,  that  French  surgeons  discussed  the  respective  merits  of 

rest  and  action  in  the  treatment  of  injury  and  disease.  Om- 
story  opens  in  the  city  of  Rouen  dining  the  year  1778.  In 

that  year  the  Academy  of  Surgery  in  Paris  had  set  as  the 

subject  of  a  prize  essay  :  "  To  explain  the  Effects  of  Motion 
and  of  Rest,  and  the  Indications  according  to  which  either 

should  be  prescribed  in  Sin-gical  Diseases,"  and  Jean  Pierre 
David,  a  very  remarkable  man,  aged  41,  surgeon-in-chief  to 
the  hospital  in  Rouen,  and  teacher  of  ̂ Vnatomy  there,  was 

busy  arranging  his  observations  and  conclusions  with  a 

view  of  captining  the  prize  thus  offered.  We  may  read 

M.  David's  conclusions  as  to  the  respective  places  of  Rest 
and  Action  in  the  essay  as  published  in  Paiis  in  the  year 
1779,    or    as    translated    into   English    by   Mr.    Justammond, 
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surgeon  to  Westminster  Hospital  in  the  year  1790.^  But 
before  looking  into  the  conclusions  it  will  be  well  to  see  what 
kind  of  man  its  author  was. 

M.  David,  we  find,  was  born  at  Gex,  in  the  Duchy  of 

Burgundy,  in  the  year  1737 — being  thus  nine  years  younger 
than  Hunter — and  studied  first  in  Lyons  and  afterwards  in 

Paris,  graduating  at  the  age  of  24,  in  1761.  He  had  been 

to  Leyden  to  sit  at  the  feet  of  the  great  Boerhaave,  and 

although  a  real  student,  with  an  extraordinary  capacity  for 

work,  had  always  a  weakness  for  competitions  in  the  writing 

of  prize  essays.  In  the  earlier  phases  of  his  career  we  find  him 

devoting  his  attention  to  subjects  connected  with  Respiration, 

Nutrition,  and  Growth.  The  manner  in  which  part  of  a  bone 

became  dead,  separated,  and  thrown  out  was  a  matter  of  pro- 
longed inquiry.  While  still  a  young  man  he  was  appointed 

Professor  of  Anatomy  and  Surgery  at  Rouen.  He  was  clearly 

endowed  with  a  tireless  energy  and  an  adventurous,  inventive 

turn  which  was  not  limited  to  the  bounds  of  his  chosen  pro- 

fession. W'e  find  him  inventing  a  machine  for  driving  piles 
into  deep  waters ;  devising  a  method  of  causewaying  roads  ; 

he  also  submitted  plans  of  a  fire-proof  ship  to  take  part  in  the 
siege  of  Gibraltar.  About  the  same  time  that  he  was  engaged 

on  the  essay  which  now  merits  our  attention  he  was  becoming 

involved  in  mercantile  speculations  which  ended  disastrously 

in  his  premature  death  in  1784,  at  the  age  of  47. 

^Vhen  we  look  into  his  famous  essay,  if  we  excej)t  his 

theory  of  humours,  we  find  very  little  that  is  speculative  ; 
all  his  conclusions  are  based  on  the  sober  and  accurate  observa- 

tions of  his  own  cases.  In  certain  diseases  of  joints,  it  was 

his  aim,  as  it  was  also  the  aim  of  his  contemporaries,  to  bring 
about  a  cure  by  an  obliteration  of  the  joint  and  a  union  of 
the  involved  bones.  In  brief,  a  diseased  articulation  was 

treated  as  if  it  were  a  fracture  which  had  resulted  in  non- 

union. \\'hile  his  contemporaries  sought  to  accomplish  their 
aim  by  irritating  the  joint,  by  moving  it,  or  injecting  sub- 

stance into  it,  David  sought  the  same  end  by  keeping  the 

diseased  parts  at  rest ;  he  observed  that  his  method  was  the 

'  There  is  a  copy  in  the  Hbrary  of  the  Royal  Society  of  Medicine. 
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more  successful.  He  concluded,  therefore,  that  to  bring  about 

anchylosis — to  effect  the  union  of  bones — rest  was  beneficial, 
action  was  injurious.  On  the  other  hand,  if  anchylosis  were 

to  be  avoided,  as  in  injuries  to  the  elbow  or  knee  joints,  then 

the  opposite  practice  must  be  pursued — that  of  action  or 
movement.  In  all  cases  of  wounds  and  injuries  rest  was  the 

proper  treatment  in  the  healing  stages ;  abscesses  when 

opened  should  have  their  walls  pressed  together.  Caries  of  the 

wrist  or  of  the  ankle  he  treated  by  applying  splints  and 

giving  the  diseased  parts  rest.  In  caries  of  the  spine  the 

patient  was  placed  supine  in  bed.  "  Time  and  rest  will  cure 

all  joints,"  he  said.  "  Absolute  rest  is  an  imaginary  thing," 
and  "  Inaction  does  not  produce  disease "  are  other  of  his 
savincrs.  There  were  conditions  which  called  for  motion.  The 

injured  or  diseased  part  was  ripe  for  motion  when  consolidation 
or  resolution  had  occurred.  Natural  motion  was  best ;  if 

there  was  a  slight  degree  of  motion,  Nature,  he  held,  would 

soon  make  it  more.  He  evidently  preferred  voluntary  to 

passive  movements  in  restoring  the  action  of  parts.  When 

there  was  scurvy,  or  gout,  or  chronic  rheumatism,  then  motion 
and  action  were  the  forms  of  treatment  needed  for  restoration. 

It  was  M.  David's  opinion  that  Nature  had  two  resoiu'ces  in 
repair — she  might  call  for  rest  or  for  action  ;  each  had  its 
proper  time  and  place  in  the  treatment  of  disease. 

If  we  were  to  follow  strictly  the  thread  of  om-  story  and 

watch  the  manner  in  wiiich  French  surgeons  applied  David's 
principles  of  llcst  and  x\ction  to  the  treatment  of  wounds  and 

injuries  we  should  proceed  to  Paris  and  watch  the  practice  of 

Malgaigne  during  the  fifties  and  sixties  of  last  century,  or, 
better  still,  proceed  to  Lyons  and  observe  the  manner  in  wjiich 

Bonnet  treated  diseases  of  joints.  IJefore  proceeding  to  tiiat 

point  in  our  narrative  there  are  at  least  two  men  who  demand 

our  attention.  One  is  Dr.  Nicolas  Andry,  Professor  of 

Medicine  in  the  University  of  Paris,  who,  in  the  year  1741, 

when  he  was  an  old  man  of  81  and  M.  David  merely  a  boy 
of  4,  wrote  a  very  remarkable  book  on  the  prevention  of 

deformities  in  children,  and  gave  it  the  title  Orthopccd'ia.  He 
coined  that  word  {opOoc,  straight;  '^ruihiov,  child)   to  designate 
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the  branch  of  medical  learning  which  has  to  do  with  the 

prevention  and  cure  of  the  physical  deformities  of  children. 

We  have  only  to  glance  through  the  crisply  written  pages  of 

Orthopccdia  —  pages  which  were  written  long  before  the 

Hunterian  period  had  dawned  in  England — to  be  convinced 
that  Andry  had  grasped  to  the  full  the  role  of  muscles  as 

body-moulders.  For  him,  "action"  was  a  more  important 

means  of  treatment  than  "  rest."  For  him,  the  body  of  a  boy 
or  girl  was  a  plastic  thing ;  by  properly  ordered  exercises, 

deformities  could  be  prevented  or  cured.  In  M.  Andry  we 

meet  the  veritable  founder  of  many  of  oiu*  modern  orthop;edic 
practices.  He  was  dead  and  buried  seventy  years  before  Henry 

Ling  formulated  his  series  of  gymnastic  exercises  in  Sweden. 

If  the  author  of  rOtihopcecUa  deserves  a  passing  notice, 

then  M.  Jacques  Delpech,  the  author  of  VOrthumorph'te  merits 
our  most  serious  attention.  We  have  come  across  Delpech's 
name  before ;  Stromeyer  never  ceased  to  acknowledge  that  it 

was  the  operation  carried  out  by  Delpech  in  the  hospital  of 

Montpellier  in  1816  which  suggested  to  him  a  subcutaneous 

section  of  the  tendo  Achillis.  Delpech  has  told  us  why  he 

wished  to  cut  the  tendo  Achillis ;  it  was  to  prevent  the 

nmscles  of  the  calf  producing  a  deformity  of  the  foot  when 

their  opponent  or  antagonist  muscles  in  front  of  the  leg  were 

paralysed.  Paralytic  club-foot  he  knew  to  be  the  result  of  an 
unbalanced  action  of  muscles.  We  also  know  why  he  sought 

to  carry  out  the  operation  by  a  subcutaneous  method.  In 

1812,  at  the  age  of  35,  he  was  appointed  Professor  of  Surgery 

in  the  University  of  Montpellier — the  university  of  his  own 
student  days ;  two  years  later,  the  army,  withdrawing  from 

Spain,  brought  hundreds  of  wounded  men  to  Montpellier. 

Delpech  sought  to  obtain  union  by  lirst  intention  in  tiie  treat- 

ment of  tlie  soldiers"'  wounds.  He  was  convinced,  as  many 
other  surgeons  had  been,  that  it  was  the  admission  of  air  to 

wounds  which  caused  them  to  go  wrong.  He  felt  certain  that 

if  air  could  be  excluded,  then  a  wound  should  heal  by  first 

intention.  It  was  for  this  reason  he  apj)lic(l  a  closed  or  sub- 
cutaneous method  when  he  introduced  tenotomy  as  a  rational 

surgical  procedure. 
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Tenotomy,  however,  was  a  mere  incident  in  Delpecli's  busy 
life.  The  event  whicli  most  concerns  us  is  the  pubHcation  of 

his  greatest  work,  rOrthomorphie,  in  1828-29,  when  he  was  just 

past  his  fortieth  year.  One  cannot  open  the  pages  of  rOrtho- 

morph'ic  without  feeling  that  one  is  in  the  presence  of  a 
Master  of  Medicine.  Indeed,  Beclard  has  declared  that 

Delpech  shared  with  Broussais  and  Dupuytren  a  place  above 

all  their  medical  contemporaries,  and  that  in  eloquence  and 

in  imagination  Delpech  was  superior  to  either  Broussais  or 

Dupuytren.  There  is  no  treatise  on  orthopaedic  treatment, 
written  during  the  last  century,  which  stands  so  little  in  need 

of  re-editing  as  the  Orthomorphie  of  Delpech.  He  formulated 
his  methods  of  treatment  after  studying  the  normal  actions  of 

the  healthy  living  body.  If  treatment  was  to  be  rational, 

then  it  must  be  based  on  physiology.  He  knew  the  true 

function  of  ligaments,  they  were  merely  reserve  structures 
which  came  into  action  when  the  muscles  became  weak  and 

gave  way,  or  when  their  defence  was  broken  down  ;  he  recog- 
nised that  every  nuiscle  in  the  living  healthy  bodv  was  in  a 

state  of  tension  or  tone  ;  in  the  maintenance  of  posture  each 

group  of  muscles  was  silently  balancing  an  antagonist  group. 

When  the  muscular  balance  was  upset,  then  a  deformity  of  the 

body  was  developed.  He  was  the  real  founder  of  the  theory 
that  deformities  are  due  to  a  lack  of  balance  in  the  action  of 

muscle  groups. 

More  interesting  even  than  the  letterpress  oiTOrthofnorphic 

is  the  volume  of  illustrations  with  whicli  Delpech  supplemented 

his  great  work.  There  we  can  see  the  plans  and  sketches  of 

the  orthopaedic  institution  which  Delpech  first  dreamed  of, 

and  then  finally  realised  in  the  park-land  country  which  sur- 
rounds Montpellier.  His  institution  was  a  pastoral  symphony 

where  ladies  in  rational  dress  disported  themselves  in  sylvan 

glades,  sometimes  stretching  themselves  on  haiimiocks  in  the 

sun,  at  otiier  times  swinging  from  elaborately  constructed 

gymnastic  machines  set  in  a  garden  land. 
It  was  while  driving  along  the  country  road  which  took 

him  to  the    Orthop;t'dic    Institution    that  he  met  his    tragic 
death  in  1832  at    the  age   of   55.     He  was  shot  dead  by  a 

13 



194  MENDERS  OF  THE  MAIMED 

man  who  had  been  his  patient,  and  on  whom,  it  is  said,  he 

had  performed  a  radical  cure  for  varicocele.  However  that 

may  be,  there  is  no  doubt  that  in  Delpech's  death  one  of  the 
most  outstanding  medical  careers  of  the  nineteenth  century 

was  suddenly  brought  to  an  end. 

Jacques  Delpech  has  tempted  us  aside ;  we  must  now 

return  to  the  straight  path  of  our  inquiry  and  ascertain  the 

principles — so  far  as  rest  and  action  are  concerned — which 
regulated  the  practice  of  French  surgeons  in  the  middle  part 

of  the  nineteenth  century.  We  shall  cite  two  representatives 

of  that  period — Bonnet  of  Lyons,  who  published  his  justly 
celebrated  treatise  on  the  Diseases  and  Treatment  of  Joints 

in  1845,  and  Malgaigne  of  Paris,  who,  from  1831 — the  year 

of  his  graduation — until  1865,  the  year  of  his  death,  made 
annual  additions  to  the  surgical  literature  of  his  time. 

Malgaigne's  treatise  on  orthopfedic  treatment  appeared  in 

1862.  Bonnet  and  Malgaigne  were  advocates  of  "  rest." 
Bonnet  laid  it  down  as  a  principle  that  to  secure  rest  in  any 

joint  it  was  necessary  to  immobilise,  not  only  the  affected 

joint,  but  also  the  joints  which  were  proximal  and  distal  to 

the  one  affected.  In  the  case  of  disease  of  the  knee-joint,  it 
was  not  enough,  he  held,  to  apply  a  splint  merely  to  the 

region  of  the  knee;  the  sj^liiit  nuist  be  extended  so  that  hip 

and  foot  joints  were  also  immobilised  if  real  and  complete 
rest  was  to  be  secured.  So  far  as  fractures  were  concerned, 

Malgaigne  advocated  reapposition  of  the  broken  ends  and 

immobilisation  of  the  limb  by  splints.  He  had  never  seen 

prolonged  rest  do  harm. 

We  have  seen  that  on  liis  arrival  in  I'aris  in  1842 
Duchenne  came  into  intimate  and  friendly  relations  with 

M.  Bouvier,  the  orthop;t'dist.  Bouvier  was  a  man  of  43 
when  Duchenne  first  met  him,  and  liad  accumulated  a 

wide  and  varied  experience  in  the  treatment  of  deformities. 

After  graduating  in  1818  he  applied  liimself  to  the  teaching 

of  anatomy  and  physiology,  and  very  early  in  his  career  began 

to  specialise  in  the  treatment  of  deformities — particularly 
those  of  the  spine.  In  1824,  while  only  in  his  twenty-fifth 
year,  he  took  the  lease  of  a  house   and    fitted  it  out  as   a 
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hospital  for  the  treatment  of  deformities — particularly  those 

of  the  spine — which,  thanks  to  the  good  management  of  his 
wife,  proved  a  success.  She  aided  him,  too,  by  })urging  his 

manuscripts  of  their  pungent  passages ;  for  he  had,  as  is  often 

the  case  with  orthopaedic  surgeons,  a  fondness  for  polemics, 

and  valued  priority  rather  than  fees.  Bouvier's  contemporary 
and  rival,  Jules  Louis  Guerin,  was  two  years  iiis  junior,  and 
is  best  known  for  his  advocacy  of  the  doctrine  that  all  de- 

formities were  due  to  spasmodic  contracture  of  muscles,  and 

that  the  rational  preventive  treatment  in  cases  of  curvature 

of  the  spine  was  section  of  the  offending  muscles — myotomy. 
Guerin  had  his  followers  in  England  and  America,  but  the 

success  of  myotomy  was  shortlived.  From  the  commence- 

ment of  Guerin's  campaign  Bouvier  rightly  maintained  that 
section  was  a  brutal  and  irrational  method  of  treating  a 

functional  derano-ement  of  muscles. 

Immobilisation  of  broken  bones  and  diseased  joints  had 

become  the  accepted  practice  of  French  surgeons  of  the  nine- 
teenth century,  and  the  principle  of  Rest  appeared  to  have 

found  an  undisputed  place  in  surgical  procedure.  The  serenity 

of  professional  .harmony  was  soon  to  be  upset,  however,  by 

the  appearance  on  the  surgical  stage  of  Paris  of  the  polite  but 

persistent  figure  of  Just  Lucas-Champioimiere.  He  needs  our 
close  attention,  for  we  shall  find  him  to  be  a  reformer  of  an 

uncommon  type.  He  had  no  wish  to  bludgeon  those  who 

disagreed  with  him ;  he  knew  a  better  way  of  attempting 

reform.  He  had  to  tell  his  senior  colleagues  that  they  were 

doing  great  harm  by  treating  broken  bones,  diseased  joints, 

and  injured  parts  by  rest;  the  right  treatment  was  exactly  the 

opposite — a  treatment  by  mobion,  action,  or  movement.  They 
almost  forgave  him  because  of  the  manner  in  which  he  delivered 

his  message.  He  was  so  apparently  honest,  so  courteous  and 

suave  in  the  propagation  of  a  heterodox  doctrine,  that  they 
could  not  but  listen  to  him.  He  had  all  the  gifts  of  a  great 

advocate — the  power  of  presenting  his  own  views  so  lucidly 
and  so  convincin<ily  that  no  other  view  than  his  seemed  tenable 

or  possible.  As  one  is  swept  along  by  the  arguments  in  his 

treatise    on    the    Treatment    uj   Fractures   by   Massage   and 
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Mobilisation,  one  is  tempted  to  wonder  how  his  predecessors 

could  have  been  so  blind  and  his  contemporaries  so  stupid. 

He  is  not  only  an  able  advocate,  but  has  a  personality  which 

fascinates.  In  listening  to  Lucas-Championniere  we  must 
keep  not  only  our  ears  open,  but  our  judgments  fully  awake. 

We  want  to  see  how  it  came  about  that  Lucas-Championniere 

advocated  the  treatment  of  fractures  by  massage  and  mobilisa- 
tion. He  was  born  in  the  North  of  France,  at  St.  Leonard 

(Oise),  in  1843,  and  pursued  his  medical  studies  in  Paris,  taking 

up  his  first  resident  hospital  appointment  in  1865  when  he 

was  22  years  of  age.  While  still  a  student  he  became  im- 

pressed— probably  from  experience  gained  in  his  native  district 
— with  the  efficacy  of  rubbing  and  movement  as  a  means  of 

treating  sprains.  In  1867,  while  still  a  house-surgeon,  his 
attention  was  drawn  to  the  case  of  a  fractured  radius  in  an 

old  woman  of  66 ;  a  perfect  result  had  been  obtained 

although  no  splint  had  been  applied,  nor  had  the  woman  kept 

the  arm  at  rest.  The  young  house-surgeon  pressed  this  case 
on  the  attention  of  the  Surgical  Society  of  Paris,  and  set  out 

to  treat  fractures  of  the  radius  with  movement  in  place  of 
rest.  He  did  the  same  in  cases  of  fracture  of  .the  fibula,  and 

believed  the  results  obtained  were  better  than  when  splints 

were  applied.  We  must  remember  that  in  such  cases  the 

undamaged  neighbouring  ulna  or  tibia  served  as  perfect  splints. 

We  cannot  say,  therefore,  that  those  early  cases  were  treated 

without  the  aid  of  splints. 

In  the  autumn  of  1868,  the  second  of  his  appointment 

as  internal  resident  surgeon,  he  returned  from  a  Hying  and 

fortunate  visit  to  Britain  an  ardent  advocate  of  Lister's  dis- 
covery. While  in  Glasgow  he  met  Lister,  who  was  then  devising 

rational  means  at  the  infirmary  of  that  city  for  the  prevention 

of  the  infection  and  suppuration  of  wounds.  Lucas-Champion- 
niere was  one  of  those  born  to  look  to  the  future  rather  than 

to  the  past  for  the  means  of  progress ;  his  instant  recognition 

of  Lister's  discovery  shows  us  how  sound  his  youthful  judgment 
was.  He  applied  Lister's  methods  to  the  treatment  of  com- 

pound fractures  and  had  thus  opportunities  of  studying,  at  the 

bottom  of  healthy  open  wounds,  the  exact  effect  of  movement 
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and  of  rest  on  the  various  processes  involved  in  bone-repair. 
He  observed  that  a  slii>;ht  degree  of  movement  at  the  fractured 

ends,  far  from  retarding  the  progress  of  repair,  rather 
accelerated  it.  There  was  a  more  abmidant  formation  of  callus, 

which  he  regarded  as  advantageous.  If  movements  at  the 

site  of  fracture  were  too  great,  or  if  the  fractured  ends  were 

jagged  and  sharp,  then  the  tender,  reparative  tissues  were 

injured  by  motion  and  consequentlv  exposed  to  infection. 

Mobility,  he  said,  had  to  be  given  in  limited  doses. 

His  resident  appointments  ceased  in  1870,  when  at  the  age 

of  27  he  took  his  doctorate.  He  had  to  wait  four  years  for 

his  first  appointment  on  the  staff  of  a  hospital.  As  soon  as  it 

came,  he  sought  to  extend  the  application  of  his  method  of 

treating  fractures.  He  treated  all  fractures  in  which  joints  were 

involved  by  an  early  application  of  movement.  He  became 

known  at  the  Surgical  Society  as  the  "  ankylophobe." 

"Splints,"  he  declared,  "  render  joints  stiff  and  often  do  them 

irrecoverable  damage."  Enforced  rest  injured  cartilage,  liga- 
ments, and  muscles.  It  never  occiuTed  to  him  to  ascribe 

the  injurious  effects  to  a  wrong  method  in  the  application 

of  splints.  He  condennied  the  principle  of  rest  as  bad.  On 

the  other  hand,  he  believed  that  mobility  preserved  the  life 

and  health  of  nmscles,  ligaments,  and  joints;  it  accelerated 

the  process  of  repair  and  shortened  the  period  needed  for 

complete  recovery.  Thus  it  came  about  that  Lucas- 
Championniere  gradually  laid  the  whole  armamentarium  of 
splints  aside,  first  for  one  class  of  fracture  and  then  for 

another,  until  ultimately  it  was  only  in  cases  of  fracture  of 

the  thigh  or  leg  that  he  applied  any  means  of  restraint,  and  in 

these  exceptional  cases  the  means  employed  were  of  the 
slightest  kind. 

In  1881  Lucas-Cham pioimiere  Ijegan  to  introduce  another 
innovation  in  the  treatment  of  fractures — the  apj)lication  of 

massage,  not  only  to  the  parts  in  the  neighbourhood  of  a 

fracture,  but  actually  at  the  site  of  fracture.  "  Massage,"  he 

said,  "  was  already  in  its  dotage  and  in  its  inftmcy."  He 
claimed  that  massage  allayed  almost  instantly  the  pain  at 

the  site  of  fracture;   it  accelerated  the  process  of  repair;   it 
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dissipated  inflammatory  exudates,  reducing  swelling  and 

tension  in  the  damaged  parts ;  it  maintained  muscles,  nerves, 

tendons,  ligaments,  and  joints  in  a  state  of  health.  The 

application  of  massage  to  the  immediate  treatment  of  fractures 

and  dislocations  he  counted  amongst  his  chief  services  to 

surgery. 
Thus  we  return  from    our    hurried  visit    to    France  with 

some  strange   problems    to    resolve.     We    found  Jean  Pierre 
David  teaching;  at  Rouen  in  1788  that  Rest  and  Motion  has 

each  its  place  in  rational  treatment.     Then  came  a  long  period 

in   which  rest   was  regarded  as   the  supreme  remedy   for  all 

surgical  ills.     Then   a   century   after    David,   we   find  Lucas- 
Championniere  declaring  that  rest  is  a  dangerous  remedy  and 

that  "action  is  life."     He  held  that  the  surgeon  who  would 
help  Nature  in  effecting  repair  must  assist  her  by  supplying 

regulated  and  suitable  doses  of  motion  to  the  damaged  part. 
Wherein  lies  the  truth  ?     Some  of  us  can  remember  Lucas- 

Championniere  when  he  came  to  the  Royal  College  of  Surgeons 

in  1912  to  pay  a  tribute  to  the  memory  of  Lord  Lister,  and  we 

can  understand  how  the  fascination  of  his  personality  may  have 

gained  acceptance   for   doctrines   which  may  not  prove   per- 
manent.    It  was  in  the  year  of  his  visit  to  England,  and  a  year 

before  his  own  lamented  death  in   1913,  that  the  Commission 

was  instituted  by  the  Council  of  the  British  Medical  Associa- 
tion to  report  on  the  results  obtained  by  the  various  methods 

of  treating    fractures.     None    of  the    methods   gave    perfect 

results,   but   those   obtained   from   the   method  advocated  by 

Lucas-Championniere — massage   and    mobilisation — were    the 

least  satisfactory.      If  we  turn  to  the  semi-oHicial  manuals  by 

Leriche,  published  in  1916   to  guide   the  practice  of  F'rench 
army   surgeons,  we  find  that  the  metliods   rcconnnended   are 

those  of  innnobilisation — those  of  Ronuet ;  the  sole  trace  of 

Lucas-Championniere's  influence  is  to  be  detected  in  the  earlier 
mobilisation    of  articular  fractures,  particularly  those  which 

occur  in  the  neighbourhood  of  the  elbow-joint. 
How,  then,  are  we  to  explain  the  fact  that  opposite  and 

apparently  irreconcilable  methods  have  been  reconunended  in 

the   treatment   of   fractures  '<t     How   are   we   to   reconcile   the 
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experience  and  teaching  of  Thomas  of  Liverpool  and  of  Lucas- 

Championniere  of  France?  The  one  treats  fractures  by  en- 
forced rest,  the  other  by  limited  but  enforced  movement. 

The  fii'st  inference  we  must  di'aw  from  these  facts  is  that  the 

tissues  of  the  body  are  endowed  with  a  power  of  repair  so 

strong  that  they  will  effect  a  cure  amidst  the  most  dis- 
advantageous circumstances.  Inspiratory  movements  never 

leave  the  fractured  rib  or  broken  clavicle  at  rest  for  a  moment, 

yet  healing  is  accomplished.  Amongst  wild  animals  and 

primitive  peoples  we  find  fractures  which  have  been  healed 

without  surgical  intervention.  Many  of  them,  it  is  true,  would 

have  been  better  for  surgical  intervention.  Healing  will  take 

place  whether  we  mobilise  or  immobilise  the  fractin-ed  limb. 
The  surgeon  who  claims  success  for  the  means  he  has  applied 

in  treatment  is  in  the  same  position  as  Lady  Priestley  when  she 

claimed  that  dogs  could  be  rendered  innnune  from  distemper 

by  innoculation  with  vaccine  lymph.  "  Were  there  control 

experiments.''"  asked  Pasteur.  There  were  none,  and  until  a 

surgeon  checks  his  results  by  "control  experiments,"  he  is  in 
the  same  position  as  Lady  Priestley. 

Here,  then,  in  the  year  1890  we  have  two  men  of  wide 

experience  in  the  treatment  of  fractures,  one  in  Liverpool  and 

the  other  in  Paris,  both  eager  to  assist  Nature  in  the  repair  of 

all  surgical  disorders  of  the  human  frame — yet  each  insisting 

on  giving  his  assistance  in  an  opposite  manner.  That  fact 

brings  home  to  us  that  we  have  still  to  pass  through  years  of 
patient  and  toilsome  observation  before  we  can  tell  with 

certainty  how  far  surgical  effort  of  any  kind  has  helped  or 

hindered  in  securing  a  perfect  result.  The  process  of  healing 

depends  on  the  presence  of  a  multitude  of  conditions,  liut  to 

my  mind  the  truth  lies  more  with  Thomas  of  Liverpool  than 

with  Lucas-Cham  pionniere  of  Paris. 
There  are  certain  matters  whicli  do  not  admit  of  difference 

of  opinion.  No  one  can  doubt  that  the  more  exactly  the 

surgeon  reapposes  the  fractured  ends,  the  easier  lie  makes 

Nature''s  task  ;  nor  do  I  think  that  there  can  be  any  doubt  that 
repair  at  the  site  of  fracture  is  best  effected  under  conditions 
of  rest.      Yet  it  seems  to  me  that  Jean  David  of  Rouen  had 
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come  very  near  the  truth  when  he  said  there  was  a  time  for 

rest  and  a  time  for  motion  in  the  treatment  of  most  surgical 
conditions.     One  cannot  examine  the  condition  seen  in  Hmbs 

of  soldiers,  which  have  been  amputated  on  account  of  infections 

following  injuries  to  bones  or  joints,  and  in  which  we  find  various 

stages  of  healing,  without  being  convinced  that  mobilisation 

must  play  a  large  part  in  securing  the  final  stages  of  repair  in 

the  treatment  of  disabilities  which  follow  gunshot  injuries  of 

limbs.     Muscles  are  bound  to  their  sheaths  by  inflammatory 

exudate,  so  that  their  fibres,   even  if  they  are   healthy,  are 

necessarily  limited  in  their  movements.    The  whole  connective- 
tissue  system  of  the  limb  has  been  swept  by  an  inflammatory 

tide.      Round  all  moving  parts,  muscles,  tendons,  and  joints 

lie  envelopes  of  newly  organised  tissues.     Every  moving  struc- 
ture becomes  tethered.      When  such  a  stage   of  resolution  is 

reached,  rest  can  no  longer  be  of  service.      I  can  conceive  of  no 

means  which  will  lead  to  the  lessening  and  loosening  of  the 

adhesive  bonds  and  thickenings  which  surround  muscles  and 

joints  except  those    implied    under   the   term   mobilisation — 

massage,  passive  movements,  and  active  or   voluntary   move- 
ments.    Of  these  three  we  have  many  reasons  for  expecting 

the  best  results  to  follow  voluntary  movements,  however  slight 

these  may  be.      We  know  that  muscles  are  so  set  in  the  limb, 

so  packed  together,  that  their  contraction  exercises  a  maximal 

propelling  impulse  on  the  venous  and  lymphatic  circulation  of 

the  limb.    The  voluntary  impulse  which  sets  a  group  of  muscles 

into  action  exerts,  at  the  same  time,  a  regulating  influence  on 

the  vaso-motor  system  of  the  part.     Nor  must  we  overlook  the 

advantages  wliich  voluntary  movements  have  over  passive  move- 

ments from  a  psychological  point  of  view.     "  If  there  is  a  little 

movement,"  said  Jean  Pierre  David,  "  Nature  will  soon  make 

it  a  little  more."     The  muscles  of  the  damaged  part  are  the 
agents  by  which  that   increase   of  motion  is  to  be  obtained. 

The  machinery  which  can  set  the  muscles  to  work  lies  in  the 

patient's  own  nervous  system.     The  only  agency  which  can  set 

the  machinery  in  motion  is  the  patient's  own  will.     The  sooner 
the  patient  ceases  to  rely  on  outside  help,  and  the  sooner  he 

comes  to  realise  that  progress  depends  on  his  own  effort,  the 
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quicker  and  better  will  be  the  ultimate  result.  The  surt^eon 
must  direct,  but  he  can  only  succeed  in  having  his  directions 

carried  out  if  he  has  obtained  the  intelligent  co-operation  of 
bis  patient.  He  has  to  seek  such  forms  of  exercise  which  are 

at  once  agreeable  to  the  patient  and  have  a  bearing  on  his 
future  needs  in  life. 



CHAPTER   XIII 

THE  INTRODUCTION  OF  GYMNASTICS  AND 

MASSAGE  TO  SURGERY 

In  this  chapter  we  are  to  search  for  the  reasons  which  have  led  surgeons 

to  appl}'  gymnastics  and  massage  in  the  treatment  of  injuries,  and  in  the 
prevention  and  cure  of  deformities  of  the  body.      For  this  purpose  we  first 
pass  to  Paris  to  again  consult  the  aged  Nicolas  Andry,  President  of  the 

College  of  Physicians  and  coiner  of  "  Orthopjedia."     He  can  give  us  the 
orthopjedic  wisdom  of  the  first  part  of  the  eighteenth  century  better  than 
any  of  his  contemporaries.      He  was  born  in  Lyons,  1658.      He  studied  for 
the  Church,  but  later  took  up  Medicine,  and  graduated  at  Rheims  in  1693, 

in  his  thirty-fifth  year.     Then  coming  to  Paris  he  had  a  successful  career 

as  a  fashionable  ph3'sician.      Orthopcpdia  contains  the  experience  of  a  life- 
time ;  it  was  published  in  1741  when  its  author  was  in  his  eighty-third  year. 

Then  we  return  to  London  to  note  what  young  John  Shaw,  brother-in-law  of 
Sir  Charles  Bell,  has  to  tell  us  of  gymnastics  iind  massage  in  the  year  1824. 

John  Shaw  was  one  of  the  products  of  the  Windmill  Street  School — a  school 
which  is  without  parallel  in  the  annals  of  Medicine,  and  could  have  appeared 

in  no  other  country  save  the  home  of  voluntary  enterprise — England.     The 
Windmill  Street  School  was  run  by  a  colony  of  London  Scots.      William 
Hunter  founded  the  school  in  Covent  Garden  in  1746  ;  there  his  brother  John 

was  his  pupil,  assistant,  and  partner.     Then  he  built  the  Windmill  Street 
establishment,   to  which  he  moved  in    1768,  taking  the  yoimg,  but  great, 

Hewson  with  him  as  assistant.     At  William's  death  in  17S3,  Cruikshank  and 

Hunter's  nephew,  Matthew  Baillic,  kept  the  school  going.     James  Wilson 
succeeded   Cruikshank,  and  in   18 15,   diaries   Bell  succeeded   Baillie.      In 

1S21,  John  Shaw,  at  tlie  age  of  29,  succeeded  Wilson.     In  1824  he  publisiied 
an  Atlas,  illustrated    with    engravings   by   Landseer,  on    The  Nature  and 
Treatment  of  the   Distortions    to   ivhich  the   Spine  and  the  Bones   of  the 

Chest  are  subject.     In  the  previous  jear  (1823),  and  in  the  year  following 
(1825),  he  published  treatises  on  The  Nature  and  Treatment  of  Distortions 
of  the  Spine.      In  these  works  we  learn  what  Shaw  had  to  teach  concern- 

'".K  gymnastics  and  massage.      His  teaching,  we  shall  find,   is  worth  our 

attention.     He  died  in   1827  at  the  age  of  35.     Having  glanced  at  Shaw's 
teaching  we  again  pay  a  visit  to  the  Orthopaedic  and  Gymnastic  Institution 

which  Jacques  Delpech  established  in  the  suburbs  of  Montpellier  in    1825, 
and  of  which  he  gives  us  a  full  account  in  Orthoviorphie,  published  in  1827-28. 

Delpech,  the  Hunter  of  France,  who  was  born  at  Toulouse  in  1777  and  fell 
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by  the  hands  of  an  assassin  in  1832,  at  the  age  of  55,  had,  as  his  contempo- 
rary, one  Pehr  Henrik  Ling,  the  creator  of  Swedish  exercises.  Ling  was 

born  at  Ljunga,  in  the  most  southern  part  of  Sweden,  the  son  of  a  country 

clergyman,  in  1776,  and  was  thus  Delpech's  senior  by  one  year.  He  studied 

theology  at  Upsala,  but  having  the  adventurous,  roving  blood  of  the  Norse- 

man and  the  spirit  of  a  poet,  he  became  a  wanderer  in  Europe — earning  a 
living  as  best  he  could — until  his  twenty-eighth  year,  when  we  find  him 
teaching  fencing  and  presently  studying  anatomy  at  the  University  of  Lund, 
not  far  from  his  birthplace.  He  was  then  beginning  to  conceive  that  he 

could  make  his  country  healthy,  happy,  and  prosperous  by  exercise.  Having 
seen  how  Ling  came  to  make  his  discovery  and  the  manner  in  which  he  put 
it  into  practice,  we  return  to  England  to  learn  how  his  teaching  prospers 
in  our  modern  hospitals  and  homes. 

IT  was  the  fate  of  Dr.  Nicolas  Andry,  the  founder  of  Ortho- 

paedics, to  live  in  a  period  when  men  were  convinced  that 

they  could  improve  upon  Nature.  Nature,  they  held,  had  to 

be  tamed  and  trinniied ;  the  farther  they  could  get  away  from 

Nature,  the  more  they  had  progressed  along  the  path  which 

led  to  the  final  goal  of  civilisation.  The  human  body  was  no 

exception  ;  they  applied  to  it  the  same  pruning,  training,  and 

shaping  as  produced  their  fantastic  garden  shrubs  and  bushes. 

Andry  could  not  conceive  that  a  time  would  ever  come  when  a 

mother  was  not  solicitous  in  securing  a  properly  shaped  waist 

for  her  daughter — one  which  was  perfectly  flat  in  front,  but 

full  and  prominent  in  the  region  of  the  buttocks.  That  was 

to  be  obtained  by  the  early  and  proper  use  of  stays.  Within 

the  scope  of  orthop:edics,  Andry  included  not  only  the  fashion- 

ing of  the  waist,  but  the  care  of  the  nails  and  hands,  the  shap- 

ing of  the  head  and  nose,  the  arching  of  the  eyebrows  and  the 

reposition  of  the  ears,  and  also  nuich  of  that  kind  of  knowledge 

which  in  our  day  has  become  the  stock-in-trade  of  the  beauty 
specialist,  voice  producer,  and  master  of  deportment. 

Our  particular  reason  for  consulting  him  now  is  to  learn 

how  far  he  employed  exercises  or  gymnastics  and  rubbing  or 

massage  in  shaping  the  body  to  the  conventions  of  his  time. 

He  had  laid  hold  of  one  important  truth — muscles  were  the 

chief  instruments  in  shaping  a  child's  body  ;  it  was  therefore 

by  plaving  on  these  instruments  that  a  physician  could  accom- 

plish liis  orthopfedic  aim.  Nowhere  does  Andry  parade  any 

knowledge  borrowed  from   the  dissecting  room,  yet  he  shows 
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himself  an  accomplished  artist  when  he  conies  to  play  on  the 

muscular  machine.  He  picked  up  his  knowledge  of  muscles 

in  his  professional  rounds ;  he  observed  that  the  corpulent 

man  and  the  pregnant  woman  walked  with  a  straight  back — 

even  an  over-extended  one,  because  they  were  overloaded  in 
front.  If  a  youth  stooped,  then  the  natural  wav  to  bring 

the  muscles  of  the  spine  into  action  and  give  him  an  erect 

carriage  was  to  make  him  carry  a  burden  in  front  of  his  body, 

or  to  hang  a  weight  upon  his  breast.  If  the  right  shoulder 

was  higher  than  the  left,  then  a  burden  carried  in  the  left 

hand  would  cause  the  bearer  to  bend  the  head  and  spine  to 

the  right,  thus  raising  the  left  shoulder  and  depressing  the 

right ;  or  if  the  spine  was  not  straight  and  there  was  a 

tendency  to  stoop,  then  a  game  in  which  a  light  burden, 

poised  on  the  forehead,  had  to  be  carried  from  one  point  of 

the  play-room  to  another  would  set  all  the  muscles  at  work 
which  have  to  keep  the  spine  erect  and  balance  one  vertebra 

upon  another.  Repeated  balancing  exercises  of  this  kind,  he 

held,  would  restore  shape  and  symmetry  to  the  back.  If 

a  girl  had  assumed  a  "  devotional  attitude,"  with  sloping 
shoulders  and  a  scapular  region  "  shaped  like  the  back  of  a 

spoon,"  then  the  "  spinal  hunch "  was  to  be  pushed  and 
rubbed ;  in  modern  language,  massage  was  to  be  applied  to 

the  convexity  of  the  curvature.  Exercises  were  to  be  given 

which  would  lengthen  the  abdominal  muscles,  which,  as 

the  attitude  indicated,  had  become  unduly  shortened ;  the 

patient  was  to  sleep  supine  on  a  hard  mattress ;  cold  douches 

applied  to  the  region  of  the  shoulders  would  also  stinmlate 

the  parts  and  help  to  make  the  muscles  do  their  duty.  If 

one  leg  was  apparently  shorter  than  the  other,  so  that  the 

hips  and  shoulders  became  of  une(|ual  prominence,  tlien  the 
heel  of  the  oftendin<>;  or  sluntened  Hmb  was  to  be  uraduallv 

made  higher  until  not  only  the  svjnmotrv  of  hips  and  shoulders 

was  restored,  but  over-corrected  and  a  fault  of  the  opjjosite 

kind  appeared,  for  Andry  knew  that  with  a  "  crooked  body,  as 
with  a  crooked  stick,  you  have  to  over-correct  the  deformity  if 

you  would  aim  at  obtaining  the  just  mean."  *'  Shoes  that  are 
too  high-heeled,"  he  said,  "  will   make  the  bodies  of  children 
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crooked."  But  if  there  was  a  tendency  to  shortenine;  of  the 
muscles  of  the  calf  with  a  consequent  raising  of  the  heel,  then 
he  thouiiht  walking  exercise,  with  a  boot  in  which  the  heel  had 

been  weighted  \\  ith  lead,  was  the  proper  treatment.  Whether 

we  agree  with  him  or  not  in  the  {)rinciple  he  applied  to 

remedy  a  contracture  of  the  calf  muscles,  we  must  admire 

the  ingenuity  and  simplicity  of  his  means,  and  admit  that  he 

knew  how  to  apply  physiology.  His  remedial  exercises  are 

based  on  the  simple  princi})le  that  deformities  which  are  due 
to  one  form  of  movement  or  habit,  can  be  undone  by  a 

movement  or  habit  of  an  opposite  kind.  We  see  him  apply 

this  principle  in  tiie  cure  of  squint ;  the  patient  had  to 

practise  his  exercises  in  front  of  a  mirror,  and  he  declared 

that  this  method  yielded  better  results  than  could  be  obtained 

by  the  use  of  spectacles.  He  knew  the  evils  of  posture,  and 

insisted  that  fine  needlework  or  the  printed  page  of  a  book 

should  be  raised  to  the  eyes — not  the  eyes  lowered  to  the 
book.  We  could  not  make  a  ijreater  mistake  than  to  think 

that  all  the  orthopa'dic  wisdom  lies  with  us  moderns,  the 
man  who  delimited  the  boundaries  of  orthopjcdics  in  the 

eighteenth  century  has  still  much  to  teach  us. 

"  Gentle  friction,"  he  says  in  another  place,^  "  produces 
always  very  good  effects  upon  tlie  blood,  whether  it  facilitates 

its  course  from  the  heart  to  the  extremities  or  the  opposite." 
He  was  a  believer  in  massage  and  also  in  exercise  "  Moderate 

exercise,"  he  said,  "  was  the  best  means  of  preventing  and  even 
of  curiii":  disease."  The  kinds  of  exercise  he  had  in  mind  were 
not  only  the  play  and  games  of  children,  the  fencing,  dancing, 

riding,  and  billiards  of  adults,  but  also  the  toil  of  ordinary  every- 
day life.  He  had  seen  the  miracle  which  hard  labour  effected 

when  indolent,  delicate  girls  became  ward  maids  in  hospitals. 

We  realise  he  was  more  than  a  fashionable  physician  when 

he  tells  us  that  "  there  are  a  great  many  men  who  are  obliged 
to  labour  constantly  for  their  bread,  and  conse(|uently  have 

it  not  in  their  power  to  submit  to  all  my  rules  for  the  pre- 

^  Orlhopcedia — The  Art  of  Preventing  and  Correcting-  Deformities  in 

Children.  Translated  from  the  French  of  M.  Andry,  l'r«feasor  of  Medicine 
in  the  Royal  College  of  Physic,  Paris,  1743. 
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servation  of  health  .  .  .  but  if,  by  a  turn  of  fortune,  thiey 

are  able  to  cease  work,  then  they  lose  their  health."  Work 
and  exercise  he  counted  the  best  medicines  for  health,  but 

they  had  to  be  taken  in  their  proper  dosage.  "  When  the 
muscles  began  to  swell,  when  breathing  becomes  difficult,  wlien 

the  skin  has  become  red  and  sweats,  and  fatigue  is  felt,"  then 
was  the  time  for  the  antidote  of  exercise — rest.  The  dispute 
as  to  the  curative  value  of  action  and  of  rest  was  already 

ancient  in  Andry's  day.  "  Asclepiades  and  Erasistratus," 
says  he,  "  have  boldly  condemned  all  forms  of  exercise  as  not 
only  of  no  advantage,  but  even  prejudicial  to  health,  and 

recommended  rest  as  the  chief  preserver  of  it ;  but  they  were 

very  much  mistaken  in  this  point.  Rest  deserves  its  own 

share  of  praise ;  it  is  a  restorer  necessary  in  the  course  of  a 

great  many  diseases."  Thus  we  see  that  the  founder  of  ortho- 
paedics recognised  that  rest,  as  well  as  action,  had  its  t)wn 

particular  therapeutical  merit,  but  of  the  two,  action  was  that 

to  which  he  attached  the  higher  value. 

Having  thus  noted  the  practice  of  old  Nicolas  Andry  so 

far  as  it  relates  to  the  use  of  exercise  and  massage,  we  pass 

from  Paris  of  1741  to  the  very  heart  of  London  in  the  year 

1823,  to  learn  the  reasons  which  led  Dr.  John  Shaw  to  apply 

gymnastics  and  rubbing  to  the  treatment  of  the  deformities 

which  are  so  apt  to  appear  in  the  spines  of  young  and  growing 

girls  and  boys.  The  visitor  to  London  can  still  see  the  square, 

plain,  red-brick,  eighteenth-century  building  in  which  he  taught 
and  laboured — a  building  which  has  many  a  duplicate  in  the 
older  ])arts  of  Roston  and  JMiiladelphia,  for  William  Hunter 

built  the  school  when  the  Union  Jack  was  still  Hying  on 

Washinjrton''s  riasstaff".  The  buildiuii;  is  within  a  stoneV 
throw  of  Piccadillv  Circus,  tucked  away  behind  the  Lyric 

Theatre,  of  which  it  now  forms  a  j)art.  Rut  in  the  year 

182'3  it  was  known  far  and  wide  as  tiie  Windmill  Street 

School ;  Charles  Rell,  then  a  man  of  49,  and  engaged  on  the 

respiratorv  function  of  certain  nerves  and  muscles,  was  its 

head  ;  he  liad  his  brother-in-law — John  Shaw — as  his  junior 

partner.  At  the  time  we  make  John  Shaw's  ac(juaintance 
he    was    31     years    of    age,    and    busily    engaged     in     the 
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Museum  of  the  school  examining  a  fine  and  extensive  series  of 

specimens  which  ilhistrated  the  various  deformities  of  the 

spine — for  he  was  ah-eady  on  the  surgical  staff'  of  Middlesex 
Hospital,  as  well  as  lecturer  on  Anatomy  at  the  Windmill 

Street  School,  and  proposed  to  apply  himself  particularly  to 

the  treatment  of  spinal  deformities.  We  know  how  he  had  be- 
come interested  in  spinal  deformities;  only  three  years  before,  in 

1820,  he  had  attended  the  lectine  theatre  of  the  Royal  College 

of  Sui'geons  to  listen  to  his  friend  and  teacher.  Dr.  James 
Wilson,  then  teacher  of  Anatomy  in  Windmill  Street,  deliver 

Hunterian  lectures  in  which  he  expressed  the  conviction  that 

all  static  deformities  of  the  spine  were  due  to  rickets.  In  the 
meantime  Wilson  had  died  and  Shaw  had  succeeded  him  on 

the  Windmill  Street  teaching  staff".  His  study  of  the  Museum 
specimens,  as  well  as  hospital  cases  of  scoliosis,  showed  him 

that  although  rickets  was  often  attended  by  a  curvature  of 

the  spine,  yet  in  the  majority  of  cases  the  bones  of  the  leg 

and  of  the  pelvis  showed  no  traces  of  that  disease,  and  he  there- 

fore separated  the  non-rickety  spinal  curvatures  as  a  distinct 
class.  The  accepted  teaching  at  that  time,  both  in  England 

and  abroad,  was  that  lateral  curvatures  of  the  spine  were  due 
to  an  unbalanced  action  of  the  muscles  which  maintained  the 

spine  erect ;  on  one  side — the  concave  side  of  the  curve — the 
muscles  were  supposed  to  be  in  a  state  of  spasmodic  contrac- 

tion. Such  a  theory,  Shaw  found,  broke  down  when  he  came 

to  examine  young  growing  lads  and  lasses  showing  lateral 

curvature  in  its  earlier  stages ;  there  was  no  muscular  spasm 

to  be  seen  in  their  backs.  Nor  did  such  a  theory  account 

for  the  changes  which  he  found  in  the  spine  after  death.  All 

the  evidence  at  his  disposal,  anatomical,  physiological,  and 

clinical,  led  him  to  suppose  that  spinal  curvatures  were  due 
to  a  weakness  in  the  muscles  which  balanced  the  vertebrae 

when  the  body  was  held  erect.  He  saw  these  curvatures 

appear  in  the  backs  of  healthy  yoimg  people  when  they  were 

tired  by  being  kept  in  a  standing  or  sitting  posture.  The 

curvatures  disappeared  as  soon  as  the  body  again  passed 

into  active  movement.  The  appearance  of  curvatures  he 

regarded  as  evidence  of  weakness  on  the  part  of  the  spinal 
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muscles  ;  they  were  no  longer  able  to  carry  out  their  onerous 

static  duties  when  young  people  are  kept  standing  or  sitting 

still  for  a  long  space  of  time.  Why  the  spinal  muscles  had 

become  weak  he  could  not  explain,  but  he  observed  that  they 

broke  down  most  frequently  during  spells  of  active  growth. 

Having  reached  this  conclusion,  we  should  expect  a 

disciple  of  tlie  Hunterian  school  to  apply  the  logical  remedy — 
rest.  A  tired  muscle  should  recover  its  strength  best  if  rested. 
That  was  the  treatment  then  in  vorjue  in  England.  Patients 

with  spinal  curvatures  were  laid  on  their  backs — on  an  inclined 

plane — for  months  or  even  years  at  a  stretch,  but  the  results 
are  said  to  have  been  unsatisfactory,  at  least  Shaw  came  to 

that  conclusion.  Another  method  of  giving  rest — popular 

then  throughout  Europe — was  to  support  the  weight  of  the 

trunk  and  head  from  the  pelvis  by  means  of  a  machine — a 

sort  of  spinal  assistant — which  not  only  supported,  but  was 
believed  to  actually  extend  the  spine  as  the  patient  took  his 

daily  exercise  clothed  in  his  machine.  Shaw  condenuied 

both  inclined  plane  and  spinal  machine  on  the  score  that  the 

more  the  spinal  muscles  were  rested  the  weaker  they  })ccame. 

He  claimed  support  from  what  he  termed  the  "eternal  law 

of  disease.""  The  proper  treatment  for  weak  muscles  was 
therefore,  in  his  opinion,  not  rest,  but  graduated  exercises 

followed  by  rest.  But  there  was  also  another  influence  at 

work  which  set  Shaw's  mind  brooding  on  the  curative  effects 

of  action.  "  We  have  only  to  witness,"  he  writes,  "  the  opera- 
tions of  a  professional  rul)ber  to  be  convinced  that  if  the 

practice  were  superintended  by  one  acquainted  with  anatomy 

and  pathology,  mucli  benefit  would  result  from  it,  while  there 

would  be  no  risk  to  the  patient's  life  being  endangered  by  its 

indiscriminate  application."  Shaw  had  seen  case  after  case 
of  lateral  curvatin-e  of  the  spine  whicli  had  been  treated  for 
months  on  the  inclined  plane  under  j)rofessional  advice  or 

encircled  by  a  spinal  support,  fall  into  the  hands  of  rubbers 

and  become — or  said  to  have  become — marvels  of  recovery 

under  their  treatment.  The  "  eternal  law  of  disuse  "  coml^ined 
with  the  success  he  saw  attend  the  empirical  efforts  of  rubbers 

led  him  to  adopt  the  "  principle  of  action."     He  used  all  the 
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tricks  of  the  masseuse — superficial  rubbing,  shampooing — 

after  the  Indian  method — so  that  the  deeper  structures  were 
pressed  ;  thumping,  pincliing,  percussion,  and  kneading  were  all 

employed.  Such  was  the  preliminary  treatment  applied  to  the 

spinal  muscles  to  soften  them  and  make  the  parts  more  pliable. 

Shaw  invented  a  form  of  friction  roller — the  first  of  its  kind  ; 

then  set  exercises  were  given — by  means  of  apparatus  of 

various  kinds — apparatus  which  offered  resistance  to  move- 
ments of  the  trunk  with  various  forms  of  pulley  apparatus ; 

movements  of  the  arms  were  used  to  influence  the  upper  part 

of  the  spine,  and  movements  of  the  lower  limbs  the  lumbar 

part.  Between  the  various  doses  of  spinal  friction  and  exercise 

were  given  spells  of  rest,  either  by  reclining,  or  by  the  appli- 
cation of  stays  or  of  a  spinal  machine.  Thus  his  treatnient 

consisted  of  alternate  applications  of  motion  and  of  rest.  In 

slighter  cases  of  lateral  curvature — cases  in  which  all  deformity 

disappears  when  the  patient  stoops — he  believed  that  exercises 

were  sufficient  to  obtain  a  cure.  He  found  Andry''s  practice 
of  making  the  patient  walk,  keeping  a  footstool  balanced 
on  the  head,  to  be  excellent ;  he  realised  that  it  was  not  the 

weight  of  the  object  so  carried  that  gave  the  good  effect, 

but  the  maintenance  of  the  poise  or  balance.  Balancing 

exercises  were  best.  John  Shaw  hoped  that  the  time  would 

come  when  physical  exercises  would  be  better  appreciated  in 

England.  He  particularly  commended  the  type  of  "  gymnastic 

exercises  which  Mr.  Clias  of  Berne "  was  then  introducing 
to  the  English  public.  We  thus  see  that  in  the  year  1823 
one  man  at  least  had  realised  that  <ivnniastics  and  massage 

had  a  place  in  surgical  theraj)eutics.  l^iifortunately  John 
Shaw's  influence  disappeared  soon  after  the  publication  of  his 

writings  on  the  spine.  He  died  from  a  "  slow  fever,''  probably 
typhoid,  in  1827,  in  the  thirty-eighth  year  of  his  age. 

In  1825,  when  John  Shaw  was  completing  his  supplement- 
ary treatise  on  distortions  of  the  spine,  Jactjues  Delpech, 

Professor  of  Clinical  Surgery  in  the  University  of  Montpellier, 

had  bought  3^  acres  of  sylvan  land,  and,  giving  his  fertile 

imagination  a  free  hand,  erected  on  it  an  ortho[)a'dic  institu- 

tion. The  buildinfT  he  desiy:ned  was  a  Boccaccio's  dream  such 

14 
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as  the  world  had  not  seen  before.  We  had  reason  to  visit 

Montpellier  in  a  previous  chapter  to  see  Jacques,  in  the  year 

1816,  when  he  was  in  the  thirty-ninth  year  of  his  age  and  fourth 
of  his  professorship.  He  then  introduced  to  the  surgical  world 

a  double  innovation — the  subcutaneous  method  of  operating, 
and  the  section  of  tendons  as  a  means  of  treating  deformities. 

The  reason  for  our  present  visit,  is  to  see  him  apply  exercises 

and  gymnastics  in  a  wholesale  manner  in  the  treatment  of 

deformities,  particularly  of  spinal  curvature.  All  his  life  long 

he  kept  a  sympathetic  eye  on  what  was  happening  among 

English  surgeons.  In  particular,  he  commended  the  "  scientific 

conceptions  of  the  celebrated  and  clever  Dr.  John  Shaw." 
It  is  worth  our  pains  to  note  the  steps  which  led  Delpech  to 

mortgage  his  worldly  means  in  realising  an  orthopaedic  dream. 

In  1793 — the  year  of  Hunter*'s  death — he  became  attached  to 
the  Army  of  the  South — a  mere  lad  of  16,  acting  as  a  surgical 
dresser.  He  discovered,  as  Hunter  had  done,  that  the  surgeon 

must  base  his  treatment  on  a  knowledge  of  function — or,  as  he 

phrased  it,  of  "  animated  anatomy."  To  him,  as  to  Hunter, 
a  healing  wound  was  a  vital  field  in  which  every  process  had  to 

be  noted  and  explained  on  a  physiological  basis.  If  he  had 

not  Hunter's  depth  of  insight  he  had,  what  Hunter  lacked,  a 
glowing  enthusiastic  imagination  and  a  fluid  seductive  power 

of  speech.  Both  had  a  lust  for  new  knowledge,  but  while 
John  Hunter  was  inclined  to  treasure  his  stores,  Jacques 

Delpech  threw  the  best  he  had  to  the  four  winds  with  the 

open  hand  of  a  profligate.  Hunter  and  Delpech  had  the 

faculty  of  making  their  clinical  cases  yield  physiological  secrets. 

We  see  that  illustrated  by  the  manner  in  which  Delpech 

became  drawn  to  the  study  of  orthopaedic  cases.  In  180!J 
Antonio  Scar})a,  Professor  of  Anatomy  and  Surgery  in  the 

ancient  University  of  Padua,  published  the  first  accurate 

account  of  the  state  of  the  bones,  ligaments,  and  nuisdes  in 

cases  of  club-foot.  Dclpecii  studied  tiiat  work  when  it  appeared, 
and  two  cases  which  he  had  observed  clinically  gave  him  a  key 

to  the  mechanism  which  produced  the  deformity.  One  was  a 

soldier  in  whom  there  was  paralysis  of  the  muscles  which  dorsi- 

flex  and  evert  the    foot,  owing  "to    a  wound  of   the  external 
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popliteal  nerve.  In  the  course  of  time  Delpech  witnessed  the 

soldier's  foot  gradually  assume  the  characteristic  club-form. 
Delpech  realised  then  that  club-foot  must  be  the  result  of  the 

unopposed  action  on  the  part  of  the  sound  muscles  of  the  leg — 

the  muscles  which  plantar-Hex  and  invert  the  foot. 
In  another  case,  where  the  muscles  of  the  calf  were  thrown 

into  a  state  of  spasmodic  contraction,  due — at  least  so  Delpech 
believed — to  an  irritative  lesion  of  the  sciatic  nerve  in  the  ham, 
he  again  saw  club-foot  produced.  In  that  case  he  supposed 
that  the  deformity  was  due  not  to  a  neo;ative  action  of  the 

dorsi-flexors,  but  to  a  positive  action  of  the  plantar-Hexors. 
From  these  and  other  cases  he  drew  the  important  inference 

that  the  normal  poise  of  every  part  of  the  body  is  the  result  of 

a  balanced  action  between  opposed  groups  of  muscles,  and  if  that 

balance  is  upset  then  deformity  results.  The  surgeon"'s  business, 
he  held,  was  to  cure  deformities  by  restoring  the  muscular 

balance.  Like  Hunter,  he  u;athered  sound  i)hvsioloo-ical 

knowledge  by  the  bedside.  There  is  another  important  point 

of  similarity  between  the  two  men.  Hunter  bought  two  acres 

of  land  near  London  to  set  up  a  menagerie — an  experi- 

mental garden — in  which  he  might  gather  knowledge.  Delpech 
bought  his  3i  acres  with  a  somewhat  similar  object  in  view  ; 

into  his  orthopaedic  institution  he  hoped  to  gather  cases  of 

deformity  which  might  be  studied,  treated,  and  noted  for  the 

benefit  of  science,  as  well  as  for  the  welfare  of  patients.  ̂ Vhen 

Hunter  died  his  fortune  was  locked  up  in  his  specimens  ;  when 

Delpech  died  at  the  hands  of  an  assassin  in  I83ii,  in  his  fifty- 
fifth  year,  his  widow  had  to  sell  her  jewels  and  trinkets  to  buy 

the  necessaries  of  life.  Delpech  was  the  pioneer  of  physiological 

surgery  in  France. 

Delpech's  Orthopaedic  Institutioji  opened  on  the  great 
avenue  or  high  road  which  leads  from  Montpellier  to  Toulouse 

— his  birthplace.  On  entering  the  gateway,  the  visitor  found 

himself  in  the  "  Grande  Cour,''  the  main  block  with  its 
verandah  front  facing  him  ;  the  wing  on  the  left  contained  the 

chapel,  the  winter  gymnasium,  while  in  the  block  on  the  right 

there  were  accommodated  the  baths,  lavatories,  and  receiving- 

room.    Behind  the  institution  lay  a  "  jardin  anglais,""  a  maze  of 
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paths  amongst  shrubs  and  flower  beds  with,  at  its  distant  end, 

the  great  open-air  or  summer  gymnasium,  surrounded  with 

trees  and  furnished  with  a  great  "  flying  bridge."  Beyond 
the  English  garden  lay  the  orchard  with  its  winding  paths  in 

which  were  placed  the  swimming  school,  the  cradled  see-saws, 

the  "  perche  horizon  tale,"  "  plans  inclines,"  and  the  "  corde 
horizontale."  In  a  corner  of  the  orchard  there  was  the  "  salle 

de  la  bassecule,"  of  which  Delpech  gives  us  a  glimpse  ;  we  are 
shown  groups  of  women  clad  in  pantaloons  with  loose  coats 

bound  at  the  waist  with  leathern  girdles,  disporting  themselves 

and  strengthening  their  muscles  on  a  magnified  form  of  see- 
saw. Here  then,  and  on  a  great  scale,  is  the  first  deliberate 

attempt  to  apply  gymnastics  to  the  treatment  of  deformities 

of  the  human  body. 

We  have  seen  that  Delpech  was  drawn  into  the  study  of 

deformities  through  his  earlv  interest  in  club-foot.  At  the 

time  he  designed  his  institution,  and  particularly  when  writing 

rOrthomorph'ic  in  18'27  and  1828,  spinal  deformities  had  come 
to  occupy  his  main  interest.  He  wished  to  rescue  such  cases 

from  the  hands  of  charlatans  who  failed  to  distinguish  curva- 
tures due  to  tubercular  disease  from  those  static  deformities 

which  resulted  from  a  weakness  of  the  spinal  musculature.  It 

was  mainly  for  the  treatment  of  such  spinal  cases  that  his 

institution  was  designed.  In  Delpech  we  have  an  ardent 

advocate  of  "action  "as  op[)osed  to  "  rest  "  in  the  treatment 
of  deformities.  He  held  that  flat-foot  and  scoliosis  were 

identical  conditions  :  they  were  deformities  due  to  the  breaking 

down  of  normal  nmscular  supports ;  ligaments  and  bones  were 

but  secondarily  concerned.  ^Vhen  a  case  of  lateral  curvature 

arrived  at  the  institution  lie  first  tested  the  permanency  of 

the  deformity  by  suspending  the  patient  from  the  head,  but 

whether  the  deformity  disiippeared  under  suspension  or  not,  he 

warned  the  parents  or  guardians  of  the  patients  that  time, 

patience,  and  perseverance  were  necessary  ;  treatment  would 

extend  over  one  year  at  least,  perhaps  two.  On  entering,  the 

patient  was  given  a  month  to  become  accustomed  to  a  hard 

mattress  and  new  surroundings.  Then  connnenced  a  pro- 
longed course  of   spinal    extension,  alternated  with    spells   of 
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graduated  exercises  designed  to  strengthen  the  nniseles  of  the 

back.     For  fourteen  hours  out  of  twenty-four  the  spine  was 

extended,  as  the  patient  lav  supine  in  bed,  by  counter-traction 
apphed  to  tlie  head  and  to  the  pelvis.     Lateral  pressure  was  also 

applied  to  the  convexities  of  the  curvatures.     The  extension- 
bed  Delpech  regarded  as  merely  an  accessory  in  the  treatment ; 

the  essential  part  was  the  daily  period  of  gvmnastic  exercises, 
which  he  trraduated  and  modified  to  meet  the  needs  of  each 

individual  case.      His  exercises  were  chieHy  balancing  or  climb- 
ing in  character.      Delpech  gave  his  imagination  a  free  rein  in 

designing  an  exceedinglv  great  variety  of  apparatus,  for  he  was 

well  aware  that  it  was  onlv  bv  ringing  a  succession  of  changes 

that  he  could  maintain  the  patient's  interest  in  the  laborious 
efforts  needed  to  effect  a  cure.     I  cannot  resist  describinir  his 

modification  of  an  apparatus  originally  designed  by  John  Shaw 

to  prevent  young  pianists  from  adopting  a  faulty  posture  and 

developing  spinal  curvature  while  at  practice.      A  lady  is  seen 

seated  at  a  piano  with  her   back  towards    us.      Her    head   is 

encircled  by  a  horizontal  band.     Behind  the  piano,  and  facing 

the  lady,  is  a  column  with  a  swan  mounted  on  the  top,  holding 

a  pulley  in  its  mouth.     Through  this  pullev  passes  a  cord  whicli 

connects    the  band  on   the  ladv's  head  with  a  weight  placed 
within    the    column.     As  long   as   a    proper  erect  position  is 

maintained,  the  weight  exercises  a  moderate  tension — such  as 
calls  the  muscles  of  the  back  into  a  degree  of  action  sufficient 

to  counterbalance  the  tension  of  the  weight.     The  tension  is 

sufficient  to  keep  the  muscles  which  maintain  the  spine  erect  on 

the  alert.     They  are  exercised  by  having  to  act  against  the 
resistance  of  the  weijrht. 

Unfortunatelv,  the  degree  of  success  which  attended  this 

great  experiment  of  Delpech  we  do  not  know.  He  died  just 

when  it  was  becoming  possible  to  judge  how  far  his  methods 

were  superior  to  those  they  were  expected  to  supplant.  We 
do  know,  however,  that  in  the  earlier  decades  of  tlie  nineteenth 

century  and  in  the  South  of  France  one  of  the  ablest  surgeons 

of  his  time  was  convinced  that  gvmnastic  exercises  constituted 

the  best  means  of  remedving  certain  deformities  of  tlie  human 

body.     On   tlie  other  hand,  he  rejected   the  use   of  frictions, 
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rulDljings,  massage,  and    oriental  baths   in    the   treatment   of 
deformities. 

P'rom  the  South    of   France  we  proceed  to  the  South    of 
Sweden  to  trace  the  beginning  of  a  movement  in  the  evolution 

Fig.  I. — Delpech's  apparatus  for  keeping  the  back  straight  and  head  erect. 
It  is  a  modification  of  an  invention  by  John  Shaw. 

of  jrvmnastics,  which,  in  its  ultimate  effects,  was  destined  to 

produce  a  world-wide  inHucnce.  Pehr  Henrik  Ling,  the 
founder  of  the  Swedish  system  of  gynniastic  exercises,  and 

Jacques  Delpech  of  MontpelHer  were  contemporaries.  Ling 
was  born  in  1776,  son  of  a  scholarly  country  parson  ;  Delpech, 
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the  son  of  a  master  of  languages,  was  born  a  year  later. 

Delpech  was  bred  to  Medicine  and  became  interested  in 

gynniastics  later  in  life,  as  a  means  of  treating  deformities. 

Ling  was  bred  to  Theology,  and  in  his  maturer  years,  through 

his  interest  in  gymnastics,  strayed  into  the  outskirts  of  the  field 

of  Medicine.  Ling,  we  shall  find,  is  a  practical  physiologist 

of  a  now  kind — one  who  gained  his  knowledge,  not  in  the 

experimental  laboratory  or  lecture  room,  but  in  close  observa- 
tion of  the  movements  which  we  perform  and  the  postures 

which  we  assume  in  the  performance  of  our  daily  duties. 

In  the  year  1805  we  find  Pehr  Ling,  scholar  and  poet, 

professional  teacher  of  fencing  and  gynniastics  to  the  students 

of  the  University  of  Lund.  At  the  age  of  29  he  has  settled 
down  to  earn  a  livelihood  in  a  definite  manner  after  an  eight 

years""  sojourn  in  the  Bohemian  quarters  of  Europe.  In  teach- 
ins:  the  art  of  fencino; — nav.  of  any  of  the  skilled  feats  or  arts 

of  human  life — he  came  to  see  that  all  depended  on  the 

mastery  of  muscles  by  the  pupiPs  brain  ;  every  muscle  must 

respond  instantly  and  exactly  to  the  brain's  demand.  He 
found  that  the  pupils  who  came  to  him  had  learned  to  stand, 

walk,  run,  jump,  sit,  stoop,  climb,  and  all  the  ordinary  acts  of 

life  in  a  semi-unconscious,  almost  reHex  manner.  When  he 

came  to  teach  them  the  art  of  fencing  he  found  that  the  special 

movements  which  he  wished  his  [)U[)ils  to  carry  out  were 

imjieded  and  clogged  by  being  yoked,  through  use  and  wont 
and  habit,  to  other  and  unnecessary  movements.  His  pupils 

had  already  formed  their  vocabulary  of  movement  and  for- 
gotten the  alphabet  of  simple  motions  out  of  which  complex 

acts  are  framed.  They  had  forgotten  the  alphabet  of  move- 
ment and  therefore  could  no  longer  coin  new  words.  Ling 

therefore  resolved  to  teach  them  the  alphabet  of  the  movements 

t)f  the  human  body  in  a  systematic  manner,  and  having 

mastered  their  letters  anew,  tliey  could  then  form  new  words, 
new  movements,  as  they  desired.  He  elaborated  for  the  first 

time  an  alpliabet  of  movements;  that  alphabet  is  his  system 

of  "free  exercises."  He  dissected,  not  the  muscles,  liut  the 

movements  of  the  body  ;  his  exercises  cover  the  wiiole  key- 
board of  our  movements — of  foot,  leg,  hip,  hand,  arm,  shoulder. 
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trunk,  and  head.  When  the  pupil  had  mastered  the  alphabet 

he  passed  on  to  easy  words — the  combination  of  two  or  more 
of  the  simpler  movements,  then  to  more  difficult  words,  and 

last  to  sentences — the  finished  acts,  sports,  and  games  of  life. 
In  order  that  he  might  understand  the  human  machine  he 

studied  muscles,  nerves,  and  the  brain  in  the  dissecting  room 
at  Lund.  But  it  was  as  an  anatomist  of  movement,  rather 

than  of  muscles,  that  he  excelled.  He  considered  that  a  sound 

education  should  include  a  complete  and  exact  dominance  of 

the  muscles  by  the  will.  Exercises  and  gymnastics  had  not 

only  developed  his  o^\■n  muscles,  but  given  him  health  and 
strength  as  well.  Having  the  irresistible  impulse  of  the  true 

missionary  he  could  not  rest  until  he  had  impressed  the  value 

of  his  discovery  upon  his  countrymen.  He  saw  a  new  era 

dawning  for  them — a  period  of  robust  and  happy  health — if  his 
discoveries  and  teaching  were  adopted.  His  exercises  not  only 

developed  the  body,  but  they  preserved  its  soiuidness.  Exer- 
cises had  improved  his  own  health  ;  he  had  suffered  from  a 

rheumatic  lesion  of  some  kind  which  affected  his  joints,  but 
inider  his  own  treatment  he  liad  remiined  health.  Prcsentlv 

he  elaborated  a  system  of  medical  gymnastics,  including 

rubbing,  kneading,  and  all  the  various  forms  of  manipulation 

by  which  friction  and  intermittent  pressure  can  be  brought  to 
bear  on  the  livin<^  human  bod  v. 

It  was  a  purely  empirical  system  he  introduced ;  the  evi- 

dence of  its  efficacy  resting  on  experience — the  results  which 
followed  its  application.  He  wrought  cures  and  made  converts. 

Ambroise  Pare  said,  "  I  dressed  the  wound  ;  God  healed  it." 
But  apparently  neither  I^ing  nor  his  disciples  took  sucli  a 

humble  point  of  view.  It  would  be  asking  too  much  of  human 

nature  to  expect  that  the  medical  practitioners  and  University 

professors  of  Lund  should  receive  the  revolutionary  jjroposals 

and  practices  of  their  fencing  master  with  open  arms,  and 

hence  we  find  Pehr  Ling  in  Stockholm  in  181!}  appealing  to 

his  friends  and  to  the  GovernnuMit  to  give  liim  the  means  of 

founding  a  "  Central  Gynniastic  Institution,""  where  lie  might 
impart  his  discoveries  to  the  teachers  of  his  country.  His 

eff'orts  were  successful,  and  when  he  died  in  1839,  at  the  age 
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of  63,  he  left  behind  him  a  permanent  organisation  and  a 

devoted  band  of  pupils  to  carry  on  his  work.  From  that 

centre  in  Stockholm  his  teaching  has  spread  into  the  play- 
grounds, barrack  yards,  and  hospital  wards  of  every  civilised 

country. 

We  have  been  searching  Europe  of  the  nineteenth  century 

to  discover  the  principles  and  practice  of  the  men  who  sought 

to  repair  the  human  machine  by  throwing  it  into  action, 

sometimes  by  active,  and  at  other  times  by  passive  means.  It 

must  be  owned  we  have  discovered  practice  rather  than 

principle.  Anyone  who  examines  critically  the  writings  of  the 

modern  representatives  of  the  Swedish  school  ̂   will  discover 

that  Ling's  system  of  "  medical  gymnastics"  has  grown  into  a 
bewildering  code  of  arbitrary  and  empirical  practices  which 

can  be  justified  only  by  the  benefits  which  are  said  to  attend 

their  ap})lication.  Now  there  are  many  methods  of  treatment 

which  cannot  be  explained  by  the  physiologist  and  yet  are 
justified  by  their  curative  success.  As  assistant  to  a  countrv 

practitioner  I  have  seen  the  pain  of  lumbago,  in  case  after  case, 

instantly  relieved  by  dry-cupping,  and  yet  we  cannot  explain 
how  the  effect  is  produced.  But  if  we  adopt  such  em))irical 

practices  we  have  to  make  doubly  sure  that  the  results  obtained 

are  due  to  the  means  we  have  applied.  We  must  ever  keep  in 

mind  that  all  living  flesh  is  endowed  with  an  inherent  and 

marvellous  power  of  repair  and  of  recovery,  and  if  our  practice 

has  no  known  rational  basis,  then  it  is  our  first  duty  to  deter- 

mine how  far  the  means  we  em))loyed  are  accessory  to  the  cure 

wiiich  has  taken  place.  We  return  to  Louis  Pasteur's  pertin- 
ent query — Where  is  your  control  series  of  cases  ?  We  search 

the  literature  of  the  Swedish  masseur  in  vain  for  such  an 

assurance. 

We  shall  turn  to  the  modern  writings  of  Dr.  Alennell  ̂   to 

discover  the  best  case  which  can  be  made  out  for  icgai'ding 
massage  as  a  scientific  practice.     In  the  closing  years  qf  last 

'  See  Handbook  of  Medical  and  Or/hopcedic  Gyninas/ics,  by  Anders  Wide, 

M.D.,  1902.  The  Elements  of  Kellgren  s  MiDuntl  Treat meni,  by  Edj^'ar  F. 
Cyriax,  M.D.,  1903. 

-Massage :  Its  Principles  and  Praclicef  hy  James  B.  ̂ enneW,  M.I).,  1917. 
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century,  while  a  student  at  St.  Thomas's  Hos})ital,  London,  he 
worked  under  a  liouse  surgeon  who  applied  the  practices  of 

Lucas-Chanipioiniiere  in  the  treatment  of  fractures  of  the  fore- 
arm.    In  time  Dr.  Mennell  also  became  an  ardent  admirer  and 

disciple  of   the  French  pioneer  of  massage,  and  we  can  best 

follow  the  rationale  of  his  practice  from  the  narrative  of  one 
of  his  earlier  cases  of  fracture  of  the  lower  end  of  the  radius  : 

"  Finding    my    patient    still    seemed    to   see  each  attempt  at 
movement  and  to  resist  it  accordingly,  I  next  tried  passing  my 

hand  up  and  down — not  with  any  idea  of  rubbing  the  pai't, 
but  merely  to  effect  a  distraction.     Great  was  my  surprise  to 

be  greeted  by,  '  Oh,  doctor,  that  is  lovely  !  do  go  on.'     I  w^ent 
on,  and  I  soon  discovered  that  the  amount  of  movement  that 

I  had  previously  attained  by  the  exercise  of  considerable  force 

and  at  the  expense  of  much  pain  to  the  patient  was  now  pro- 

cured   painlessly   and    without   any   attempt   at    force."      By 
gently    rubbing    the    injured    and    neighbouring    parts.    Dr. 

Mennell  had    produced    (1)  a    sedative    effect — the    pain  was 

diminished  ;  (2)  the  swelling  decreased — the  lymph  and  blood 
circulation  of  the  part  had  been  improved ;  (3)  the  muscles 

became    soft   and    relaxed — they    no    longer   pressed    on    the 
fractured  ends  of  the  bone  and  the  torn  tissues.     In  seeking 

for    a    rational    explanation    of   these    effects    Dr.  Mennell   is 

justified  in  his  contention  that  they  are  probablv  obtained  by 

playing  upon   the  reHex    mechanisms,  situated    in    the  spinal 

cord,  which  control    the  state  of   the  muscles    and    the    con- 

dition of  the  blood  and  lymph  circulation  of  the  pai*t.      Of  the 
reHex  mechanism  which    controls   muscles  we  have  a  definite 

knowledge,  and  we  have  reason  to  presume  that  the  circulation 

of  blood  and  lymph  of  every  part  of  the  body  is  under  the 

control    of  special    reflexes.     We    can    best   account    for    the 

swelling  and  the  impeded  circulation,  which  are  the  invariable 

accompaniments    of   injui-y,  by    supposing   them  to  be  reflex 
effects  excited  by  the  violation  of  the  tissues.     Gentle  massage 

movements  apparently  effect  a  restoration  of  the  normal  con- 
trol mechanisms.     There  are  also  direct  effects  obtained — the 

tissue  .spaces,  containing  exudates,  are  compressed  ;  the  blood 

vessels  are    squeezed   and    the    blood    distributed.     It  is  also 
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possible  that  the  metabolism  of  the  tissues — their  "  power  of 

action"" — is  also  roused.  Massage  will  break  down  the  freshly 
formed  tender  adhesions,  but  under  certain  circumstances  it 

will  also  increase  the  damage  already  done. 

The  modern  masseuse  can  appeal  to  Aristotle  and  to  Nature 

for  support.  Aristotle  taught  that  "  movement  is  life."  We 
knead  our  limbs  to  refresh  our  tired  muscles ;  we  rub  our  tired 

eyes  to  give  them  relief;  the  dog  applies  massage  to  his  injury 

bv  his  tongue.  But  Nature  also  brino-s  reflexes  into  action 
to  keep  the  injured  limb  from  being  used  and  to  thus  give  it 

rest.  An  appeal  to  Nature  will  support  the  actionist  with  one 

hand  and  the  passivist  with  the  other. 

Now,  when  we  listen  to  the  teaching  or  watch  the  practice 

of  the  followers  of  Lucas-Cham pionniore  we  marvel  that  it  was 

possible  for  sui'geons  at  any  time  to  have  been  so  blind  as  to 

adopt  "  rest '^  as  the  principle  in  their  treatment  of  injuries. 
Thomas,  of  Liverpool,  however,  had  tried  both  action  and  rest 

as  means  of  treatment.  He  had — what  few,  if  any,  of  his  con- 

temporaries or  successors  can  lay  claim  to — a  series  of  control 
cases  by  which  he  could  carefully  measure  the  effects  which 

attended  each  form  of  treatment.  His  final  opinion  was  that 

absolute,  uninterrupted,  and  prolonged  rest  so  applied  as  to 

support  the  nnjscles  and  leave  the  circulation  free,  gave  the 

best  results.  Nay,  he  formed  the  opinion  that  the  swelling, 

the  disturbed  circulation,  were  not  hindrances  to  repair  and  to 

be  got  rid  of ;  they  were,  he  supposed,  part  of  the  mechanism 

which  had  been  evolved  for  effecting  repair.  VViien  we  see 

how  elaborately  and  cunningly  the  living  body  has  been  fitted 

to  meet  the  contingencies  of  life,  it  is  not  too  much  to  suppose 

that  in  takin<<:  a  beneficent  view  ol"  the  swellin<«:  which  attends 
injury,  Thomas  was  in  the  right. 

When  we  come  to  the  application  of  massage  and  exercise 
to  assist  in  the  later  stages  of  recovery,  we  are  outside  the 

region  of  doubt  or  of  dispute,  liut  in  the  api:)lication  of 

massage,  exercises,  and  gymnastics  there  is  one  condition  which 
is  absolutely  essential  for  success  and  which  is  often  lost  sight 

of:  the  patient  himself  or  herself  nuist  be  an  active,  not  a 

passive,  agent  in  the  cure.     The  medical  officer,  often  uncon- 
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sciously,  gives  the  disabled  man    the  impression  that  he  has 

brought  to  the  bedside  the  means  of  cure,  and  that  all  the 

patient  has  to  do  is  to  passively  submit  and  allow  a  miracle  to 

be    performed.     Ling    never    made    that    mistake,   and    never 

taught  it ;  no  one  knew  better  than  he,  that  in  the  recovery  of 

movement,  no  matter  what  the  nature  of  the  damage  to  the 

body  may  have  been,  there  was  only  one  active  agent  which 

could  assist  in  the  recovery,  and   that  agent  was  the  patient's 
will  and    brain.     There    is    no    miracle  in  the  art  of  healing 

except  that  which  is  wrought  by  the  power  of  repair  iiiherent 

in  living  Hesh  ;  all  the  rest  is  hard  work — hard  thinkino;  on 

the  part  of  the  medical  man  and  constant  and  intelligent  effort 

and  co-operation  on  the  part  of  the  patient.     "  Any  method 

of  treatment,"  writes  Colonel  Deane,^  "  which  lacks  the  essential 

factor  of  stimulating  and  encouraging  the  man's  own  power  of 
will-to-do,  which  has  been  inevitably  weakened  by  the  stress 

through   which  he  has  passed,   stands  self-condemned.      This 
factor  of  volition  is  vital.     The  man  must  do  this  himself,  and 

exercise  his  own  volition  and  put  his  own    motor  centres  in 
action.      A    fracticm    of   movement    obtained    in    this   way    is 

infinitely  more    valuable    than    a   greater    amount   gained  by 

passive  methods."     Thus  we    see   that  psychologv  also  has  a 
place  in  the  armamentarium  of  the  ortho])a*dic  surgeon. 

^  Gymnastic    T>-cixlmcnl  for  Joint  and  Muscle  Treatment,    by   Colonel 
H.  E.  Deane,  R.A.M.C,  Oxford  Medical  Press,  1918. 



Hknri-Louis  Uuhamel  du  Monceau, 
Born  ijoo ;  Died  1782. 

CHAPTER  XIV 

THE  FOUNDATION  OF  OUR  KNOWLKDGP:  OF 

BONE  GROWTH  BY  DUHAMEL  AND  HUNTEI{ 

In  Ihis  chapter  are  reviewed  the  experiments  and  observations  which 
gave  us  the  foundation  of  our  knowledge  of  the  manner  in  which  bones 

grow.  John  B.  Bekhier,  the  surgeon  wiio  discovered  tiiat  madder, 
when  eaten  by  an  animal,  stains  its  bones  red  and  leaves  all  the  other 

tissues  of  the  body  uncoloured,  was  on  the  staff  of  Guy's  Hospital.  He 
was  born  in  1706,  and  tlictl  in  17S5.  Duhamel,  who  was  a  French  squire, 
discovered  that  madder  only  coloured  bone  matter  as  it  is  being  laid  down, 

and  therefore  provided  a  certain  means  of  telling  how  bones  grow.  He 

came  to  the  conclusion  that  periosteum  was  the  mother-tissue  of  bone.  He 

was  born  in  1700,  and  died  in  1782.  When  Dnhamcl  was  carrj'ing  out  his 
experiments  Albrecht  von  Haller,  a  Swiss  born  al  Heme  in  1708,  and 

dying  there  in  1777,  was  Professor  of  Anatomy  in  the  University  of 

Gottingen,  and  from  his  experiments  and  observations  came  to  the  con- 
clusion   that   bone   was   not  formed   by  periosteum,  but  was  a  product  of 
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arteries  which  could  lay  down  bone  anywhere — within  cartilage  or  beneath 

the  periosteum.  John  Hunter  (i 728-1 793)  adopted  the  madder  method  and 

many  others,  for  investigating'  the  life  and  growth  of  bone,  and  discovered 
that  in  growing  bones  there  are  always  two  processes  in  operation — one  of 
deposition  of  new  material,  and  the  other  an  absorption  of  the  old,  by  the 

co-operation  of  which  every  bone  is  being  constantly  remodelled  as  it 

grows. 

SOMETIME  in  the  summer  of  1736,  a  calico  printer  of  the 

City  of  London  entertained  to  supper  John  Belchier,  a 

promising  young  and  inquiring  surgeon,  and,  all  unwittingly, 
introduced  him  at  the  same  time  to  a  method  of  unravelling 

some    of   Nature's    greatest    secrets.      The    method   to   which 
Belchier  was  thus  introduced  was  that  of  vital  staining,  one 

by  which  certain  elements  of  the  body  can  be  picked  out  by 

distinctive   colours    while    they    are    still    living.     The    calico 

printer  was  an  economical  man,  and  used  the  madder-soaked 

bran  from  his  dye-vats  to  feed  pigs.     The  pigs  he  used  to  feed 

his  friends.     It  was  a  joint  of  this  madder-fed  pork  which  was 

placed  before  the   young  surgeon,  then  in  his  thirtieth  year 

and  just  elected  to  the  staff  of  Guy's  Hospital.     It  was  but 
natural  that   a  young    man,   already   a  fellow   of  the   Royal 

Society  and  a  contributor  to  its    Philosophical    Transactions, 

should  have  his  curiosity  aroused  by  the  ruddy  colour  of  the 

bones  of  the  madder-fed  pork,  and  that  he  should  resolve,  on 

returning  to  his  home,  to  make  further  inquiries  before  bring- 
in<<:  this  strano;e  matter  to  the  notice  of  the  Fellows  of  the 

Society.     He  desired,  first  of  all,  to  make  certain  that  it  was 

madder   and   no   other  substance  \^hich  stained  living  bones, 

and  hence  he  began  to  feed  some  of  his  fowls  with  madder. 

One    cock,    subjected    to    this    treatment — fed    by    force,    for 
fowls  refuse  food  mixed  with  madder — died  at  the  end  of  a 

sixteen  days'  course ;    the  bones   were  stained,  even   those   of 
the    densest    structure.      Early    in    the    autumn    he    made    a 

connnunication  to  the  Royal  Society,  which  was  subsequently 

printed  in  its  Tran,mctions} 

Having  duly  recorded  this  strange  action  of  madder  on 

bones,  Belchier  felt  that  his  in(juiry  was  finished,  and  left  the 
matter  there.     The  man  who  was  to  show   that   Belcliier  had 

^  Phil.  Trans.,  vol.  xxxix.  p.  287. 
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discovered  a  means  of  unravelling  the  complex  manner  in 

which  bones  grow  was  a  remarkable  French  squire — Henri- 

Louis  Duhamel,  Seigneur  du  ]Monceau — but  of  him  more  anon. 

For  Belchier  there  was  no  problem  of  bone  growth.  His 
master  and  teacher,  the  great  Cheselden,  knew  ail  there  was 

to  be  known  about  bones — -particularly  so  far  as  concerned 

those  of  the  human  skeleton.  Bones  "are  covered  by  a  tine 
membrane,  which  upon  the  skull  is  called  pericranium,  else- 

where periosteum.  It  serves  for  the  muscles  to  slide  easily 
upon  ;  it  is  everywhere  full  of  small  blood  vessels,  which  enter 

the  bones  for  their  nourishment."  Bones  "  grow  by  the  con- 
tinual addition  of  this  ossifying  matter ;  thev  increase  till 

their  hardness  resists  a  further  extension ;  and  their  hardness 

alwavs  increasing  while  thev  are  growino;.  the  increase  of  their 

growth  becomes  slower  and  slower  until  they  cease  to  grow 

at  all."  "  In  a  fractured  bone,  in  which  the  same  kind  of 
matter  which  ossified  the  bones  at  first,  is  thrown  out  from  the 

broken  ends,  there  is  formed  a  mass  of  callous  matter." '  It 
is  extremely  important  that  we  should  note  these  points  :  that 

periosteum  was  a  vascular  mendirane  which  supplied  nourish- 

ment;  that  bones  grew  like  other  tissues — by  a  natmal  fillin<>- 
up  and  expansion  of  every  interstice  ;  and  that,  when  broken, 
the  fractured  ends  threw  out  a  mass  of  ossific  callus.  That 

was  the  state  of  knowledge  as  regards  bones  when  Duhamel 

and  Hunter  connnenced  their  investigations. 

Our  story  now  shifts  from  London  to  France — to  the  well- 
managed  estate  of  Monceau,  where  Duhamel,  a  confirmed 

bachelor,  and  his  maiden  sister  spent  busy  and  studious  days. 

Duhamel  belongs  to  that  rare  tyj)e  of  man  which  is  re[)resented 

by  Stephen  Hales  and  Benjamin  Franklin — men  born  with  a 
natural  aptitude  to  play  the  part  of  detectives  amongst 

Nature's  secrets.  They  wrung  them  from  her  by  experin)ent. 
For  Duhamel  there  was  but  one  sure  source  of  knowled<re — 

observation  and  experiment.  He  had  spent  his  youthful 

days  in  Paris  as  a  student — a  student  of  law;  l)iit  he  had 

attended  AVinslow's  lectures,  and  at  an  early  date  had  begun 
*  The  Anatomy  of  the  Human  Body,  by  William  Cheselden,  6th  edition, 

1741. 
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investigations  relating  to  agriculture  which  brought  him  into 

touch  with  the  Academy  of  Science  and  the  foremost  re- 

searchers of  his  time.  At  the  age  of  27  he  was  elected  a 

member  of  the  Academy.  We  make  his  acquaintance  in 

1739,  when  he  was  39  years  of  age,  and  had  just  made  his 

first  communication  to  the  Academy,  "Sur  une  Racine  qui 

Teint  les  Os  en  Rouge."  He  was  then  living  on  his  estate. 
A  year  or  two  before,  Hans  Sloane  had  drawn  his  attention 

to  Relchier's  paper.  His  curiosity  was  aroused,  and,  follow- 

ing his  usual  custom,  he  submitted  Belchier^s  observations  to 
the  test  of  experiment.  He  fed  fowls,  turkeys,  pigeons,  and 

pigs  with  madder,  and  found  that  their  bones,  and  only 

their  bones,  were  stained  red ;  he  noted  that  only  certain 

parts  of  the  bones  were  stained,  and  that  those  of  young 

animals  coloured  more  readily  and  deeply  than  those  of  old 
animals. 

In  his  communication  of  1739  he  had  really  added  very 

little  to  Belchier's  observations.  It  was  merely  a  preliminary 
note.  His  next  communication  appeared  in  174-1,  and  we  see 
he  had  been  hard  at  work.  He  had  become  interested  in  bones  ; 

he  knew  well  how  a  broken  twig  became  mended,  and  he 

wondered  how  repair  was  carried  out  when  a  bone  was  broken. 

He  made  experiments,  and  found  that  the  periosteum  in  the 

neighbourhood  of  a  fracture  became  greatly  swollen,  and 

served  as  the  chief  agent  in  producing  the  repairing  callus. 

The  lining  medullary  membrane,  or  internal  periosteum, 

assisted.  By  feeding  the  subjects  of  his  fracture-experiments 

with  madder,  he  could  trace  the  formation  of  the  newly-formed 
bone,  and  found  that  its  chief  source  was  the  j)criosteum.  He 

saw  nothing  to  support  the  prevalent  belief  that  the  callus 

was  produced  bv  a  "juice"  secreted  by  the  broken  ends  of  the 
fractured  bone.  He  had  now  realised  that  the  bony  n)atter 

J  wjiicli  was  stained  red  was  that  formed  during  the  j)eriod  of 

madder-feeding.  Only  the  newly  deposited  bone  was  stained, 
and  therefore  the  staining  gave  him  a  clue  to  the  manner  in 

which  bones  grow. 
His  communications  of  174!:^  and   174-3  show  us   that  his 

further  experiments  had  been  attended   by   a   great    success. 
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He  had  discovered  an  earlv  mistake.  If,  after  fjivin2:  a  course 

of  madder  food,  and  then  a  course  of  ordinary  food,  a  pig 

was  killed,  he  observed  in  his  earlier  experiments  that  nearly 
all  redness  had  gone  from  the  bones.  He  was  thus  led  to 

believe  that  the  stain  was  only  temporary.  But  on  laving 

such  bones  open,  he  observed  his  mistake — the  madder-coloured 
layer  was  only  covered  and  hidden  by  an  unstained  surface 

layer,  laid  down  after  the  madder  diet  had  been  suspended. 

He  found,  by  alternating  a  madder  diet  with  an  ordinary  one, 

that  he  could  obtain  alternate  red  and  white  rings  or  layers  on 

the  circumference  of  the  bone,  the  latest-formed  laver  or 
plate  being  on  the  surface  of  the  bone  immediately  under 

the  periosteum.  Bone  therefore  grew  as  wood  did — by  the 

superimposition  of  layer  on  layer  oi*  plate  on  plate ;  and  the 
source  of  the  new  layers  was  the  periosteum.  The  deepest 

stratum  of  tjie  periosteum  apparently  served  the  same 

pur[)ose  as  cambium  did  for  growing  wood.  In  this  way 
Duliamel  came  to  regard  periosteum  as  the  maternal  tissue 

of  bone  ;  the  osteogenic  function  of  periosteum  is  Duhamers 
discovery. 

He  was  faced  by  a  great  puz/le.  Bone  grew  in  thickness 

only  by  superficial  additions  laid  down  lamina  upon  lamina. 

He  noted  that  the  medullary  cavity  also  kept  enlarging  as  the 

bone  grew ;  in  the  pig's  tibia  the  cavity  kept  increasing  until 
the  animal  was  six  months  old.  He  could  conceive  only  one 

way  in  which  the  medullary  cavity  could  undergo  an  enlarge- 

ment— namely,  that  as  the  superficial  layers  were  laid  down, 

there  was  also  an  expansion  of  the  shaft-cylinder  as  a 

whole,  an  expansion  which  enlarged  the  medullai'y  cavity.  He 
sought  to  prove  the  truth  of  his  theory  by  a  new  kind  of 

experiment — one  he  had  practised  on  growing  branches.  He 
encircled  the  shafts  of  frrowinir  bones  with  riny;s  of  silver  wire, 

and  in  the  course  of  time  found,  as  he  expected,  that  they  had 

cut  their  way  into  the  medullary  cavity.  He  believed  that 
such  a  result  could  be  obtained  oidy  by  an  expansion  of  the 

shaft.  We  shall  see  presently  how  John  Hunter  explained 

the  result  of  such  experiments. 
Duhamel  was  familiar  with  the  fact  that  bench  marks  cut 

15 
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on  the  stems  of  trees  maintained  a  constant  level ;  growth  in 

the  trunk  did  not  alter  the  level  of  the  step  or  bench  mark 

which  had  been  cut  many  years  before.  He  applied  a  similar 

method  to  bone  ;  he  cut  "  bench  marks  "  on  the  shafts  of  grow- 
ing bones,  by  drilling  holes  at  regular  and  measured  distances, 

inserting  within  them  silver  stylets  to  keep  them  open.  After 

a  definite  period  he  killed  the  animal,  measured  the  distance 
between  the  bench  marks,  and  found  thev  were  unaltered ; 

there  had  been  growth  in  the  total  length  of  the  bone,  but  the 

distance  between  his  mai'ks  on  the  shaft  remained  the  same. 

Therefore  he  concluded  that  all  growth  in  length  must  take 

place  at  the  extremities  of  bones.  At  what  particular  part 

of  the  extremity,  he  makes  no  mention ;  he  observed  the  epi- 
physeal lines,  but  left  them  unstudied. 

Duhamel  has  been  unfortunate  in  his  commentators  ;  with 

the  exception  of  Flourens,  who  repeated  and  extended  his 

experiments  in  1842,  all  have  noted  his  mistakes,  and  forgotten 
that  he  was  the  man — one  not  trained  to  Medicine — who 

discovered  that  there  was  a  problem  of  bone  growth,  and 

showed  the  world  how  such  a  problem  should  be  solved.  He 
turned  the  chance  observation  of  an  English  surgeon  into  a 

powerful  instrument  of  research.  He  showed  that  bone  is 

stained  with  madder  only  as  it  is  being  laid  down.  He  showed 

that  a  bone  grew  in  thickness  by  circumferential  deposition 

of  plate  upon  plate ;  that  a  long  bone  grew  in  length  at  its 

extremities ;  that  the  deepest  layer  of  the  periosteum  was  the 
maternal  tissue  of  bone. 

Our  story  now  shifts  back  to  London.  Duliamel's  re- 
searches were  carried  out  while  John  Hunter  was  spending  an 

untrammelled  boyhood  on  his  father''s  farm  at  Long  Calder- wood.  But  the  storm  which  Duhamers  discoveries  had  raised 

was  still  in  full  blast  wlien  in  174-8  Hunter  joined  his  brother's 
school  in  Covent  Garden  at  the  age  of  520.  The  trj-eat  Haller 

and  his  pupils  had  directed  a  Hood  of  destructive  criticism  on 

Duhamel;  Haller's  name  stood  high  in  William  Hunter's 
school ;  everything  he  wrote  and  did  received  the  most  re- 

spectful attention.  If  anyone  was  John  Hunter's  mentor  more 

than    another    it    was    Haller.     "  How    could    any    anatomist 
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think,'''  said  Haller,  "  that  bone  is  formed  only  bv  periosteum  ?" 
AVhy,  one  had  only  to  look  at  the  lower  end  of  the  thigh-bone 
of  a  child  at  birth  to  see  the  theory  was  untrue ;  there  one 

could  see  arteries  perforate  the  epiphyseal  cartilage,  and  at 

their  growing  ends  observe  a  point  of  ossification  start  into 

being — far  removed  from  the  periosteunu  In  Haller's  opinion 
arteries  were  the  depositors  and  builders  of  bone ;  he  believed 

they  could  form  bone  anywhere  within  the  limits  of  the  peri- 

osteum. One  has  only  to  look  at  Hunter's  preparations,  or 
glance  at  scattered  passages  in  his  writings,  to  see  that  it  was 

Haller,  not  Duhamel,  who  influenced  him.  He  prepared  a 

sei'ies  of  specimens  to  show  ossiHc  centres  forming  in  the 
patella,  sternum,  and  metacarpal  bones  of  the  calf,  and  in 

young  epiphvses  of  human  bones.  These  preparations  show 

us  that  for  him  ossification  was  a  function  of  arteries ;  ossifica- 
tion, he  observed,  always  broke  out  at  the  terminal  meshwork 

of  an  ingrowing  leash  of  blood  vessels.  Haller  had  repeated 

Duhamers  madder-feeding  experiments,  and  again  studied  the 
repair  of  fractures,  and  concluded  that  the  periosteum  took  no 

essential  part  in  the  formation  of  the  repairing  callus — the 
callus  was  formed  bv  the  broken  bone  ;  nor  did  the  periosteum 

take  any  p.art  in  the  formation  and  growth  of  bone.  In 

Ilaller's  opinion  the  periosteum  was,  as  all  surgeons  then 
believed,  merely  a  vascular  covering  to  serve  for  the  nourish- 

ment of  bone.  Thus,  with  the  appeai'ance  of  Haller  and 
Duhamel,  we  have  two  schools  brought  into  existence — one 
which  regards  periosteum  as  osteogenetic,  tiie  true  source  of 

bone,  and  another  which  regards  it  as  devoid  of  any  bone- 
forming  power  whatsoever.  After  a  century  and  a  half  of 

in(juiry  and  discussion  we  still  have  these  two  schools. 

To  which  of  the  two  Hunter  belonged  there  is  no  shadow 

of  doubt.  For  him  the  normal  periosteum  had  no  bone-pro- 

ducing power ;  it  was  the  passive  vascular  membrane  which 

surrounded  and  nourished  bone.  Vet  he  had  seen  the  peri- 

osteum take  on  an  '•  ossific  disposition  "  time  after  time  under 
the  most  varied  conditions  of  disease  and  experiment.  He 

believed  with  Haller — and  we  shall  see  the  pains  he  took  to 

verify  his  belief — that  arteries,  and  only  arteries,  could  form 
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bone,  and  if  periosteum  should,  under  abnormal  circumstances, 

become  a  site  of  bone-formation, 
then  that,  to  his  mind,  was 

merely  evidence  that  its  arteries 

could  assume  a  bone-building 

power. 
Hunter  was  well  aware  that 

a  fragment  of  living  bone  could 

be  detached  completely  from  its 

periosteum  and  yet  retain  its 

"  vital  principle  ̂   and  survive 

(see  Fig.  2).  "  In  fractures,"  he 
said,  "  adhesion  of  the  detached 
splinters  also  takes  place  .  .  .  and 

this  takes  place  not  only  in  those 
wliich  are  attached  to  the  soft 

parts,  but  even  in  such  as  are 
entirely  loose.  Therefore  these 

pieces  must  retain  the  living 

principle,  and  probably  only  this, 
while  those  that  remain  attached 

have  probably  more.  I  have  never 
examined  a  compound  fracture 
without  findinij  some  of  these 

loose  pieces,  which  sliows  they 
must  be  common.  Their  union 

must  be  similar  to  that  in  the 

transplanting  of  teeth."  ̂   It  is clear  from  the  above  statement 

that  Hunter  knew  that  isolated 

fragments  of  bone  could  be  made 

to  serve  as  bone  grafts.  The 

specimen  which  he  was  in  the 
liabit  of  showing  at  his  lectures, 

to  clinch  the  ar<;umcnt  that  a 

lar<rc  frairmcnt  of  bone  mii>;ht  be 

detached  from  its  periosteum  and  yet  live,  is  illustrated  in  Fig.  2. 

'  Collected  Works,  vol.  i.  p.  502. 

Fig.  2. — Drawing  of  the  fractured 
femur  which  Hunter  was  in  the 

habit  of  showing  to  his  class  to 
demonstrate  that  a  large  fragment 
of  bone  may  be  detached  from  its 
periosteum  and  yet  live  and  again 
form  a  union  with  the  shaft. 

(Drawn  by  S.  A.  Sewell.) 
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It  is  a  fractured  femur,  showing  a  splinter  5  inches  in  length 

which  has  been  so  completely  detached  that  its  position  is 

reversed ;  yet  it  now  forms  a  solid  part  of  the  shaft  at  the 

point  of  union. 
We  come  now  to  trace  the  steps  which  led  Hunter  to 

recognise  and  explore  one  of  the  most  remarkable  of  all  the 

powers  possessed  by  living  tissues — the  power  to  absorb  and 
remove  parts  of  their  substance.  The  first  step  occurred  in 

ITS-i,  when  he  was  in  his  twenty-sixth  year  and  assisting  in 

the  management  of  his  brother's  anatomical  school.  He  had 
then  conmienced  his  researches  on  the  jaws  and  teeth,  and  was 

struck  by  the  fact  that,  when  a  tooth  was  extracted,  its  socket 

disappeared.  Thousands  before  him  must  have  noted  the  fact, 

but  they  passed  it  by  as  self-explanatory.  When  he  came  to 

examine  the  manner  in  which  milk  teeth  were  shed  and  per- 
manent teeth  came  into  place,  he  noted  that  the  roots  of  the 

teeth  about  to  be  cast  out  were  eroded,  and  that  the  sockets  in 

which  thev  were  contained  were  disappearing.  He  noted  also 

that  the  last  milk  molar  lay  at  the  root  of  the  ascending  ramus 

of  the  mandible.  But,  in  the  adult  jaw,  room  had  been  found 

for  the  additional  three  permanent  molars  between  the  site 

of  the  last  milk  molar  and  the  ascending  ramus.  How  could 

such  additional  dental  space  be  obtained  unless  tlie  mandible 

had  been  remodelled  during  growth  by  a  dual  process  of 

addition  and  abstraction.^  He  was  faced  with  the  same  prob- 
lem when  he  came  to  explain  how  the  femur  of  a  newly  born 

child  is  transformed  into  that  of  the  adult.  Mere  deposition 

of  new  bone  at  the  upper  epiphyseal  line  only  adds  to  the 

upper  surface  of  the  neck  of  the  bone  (see  Fig.  4).  As  the 

femur  grows,  its  neck  ought  to  increase  rapidly  in  depth  and 

breadth,  unless  deposition  on  its  upper  surface  is  accompanied 

by  a  simultaneous  process  of  absorption  along  its  lower  surface. 
It  thus  became  clear  to  Hunter  that,  from  the  infantile  to  the 

adult  sta<£e  in  the  (growth  of  a  thitch-bone,  the  femoral  neck 

was  being  continuously  remodelled.  Growth  in  bone,  he  con- 

cluded, entailed  two  distinct  processes — one  of  deposition  and 

one  of  absorption.  That  was  Hunter's  discovery.  There  was 
no  need  to  suppose,  as  Duhamel  had  done,  that  the  shaft  of 



230 MENDERS  OF  THE   MAIMED 

a  bone  actually  expanded  as  it  grew ;  the  medullary  cavity 

enlarged  because,  as  new  bone  was  deposited  on  the  surface 

of  the  shaft,  old  bone  was  removed  fi'om  its  interior  by 
absorption. 

Soon  after  Hunter  commenced  his  experimental  farm  at 

Earl's  Court  in  1764,  he  resorted  to  Duhamers  method  to  test 
the  proof  of  this  theory  of  bone  growth.  He  fed  two  young 

pigs  on  a  madder  diet  for  a  month  ;  he  killed  one  at  the  end 

\ 

\ 

rr\ 

Fig.  3.— Copy  of  Hunter's  drawing  to  show  the  manner  in  which  growth  takes  place 
in  the  mandible.  The  drawings  represent  two  views  of  the  right  half  of  the 
mandible  of  a  pig,  which  was  fed  on  a  madder  diet  for  a  month  and  then  for  a 
month  on  normal  diet.  The  outline  of  the  ramus  at  the  end  of  the  madder 

period  is  shown  by  the  colour.     (Copied  by  S.  A.  Sewcll.) 

of  the  month  ;  the  other  he  kept  for  an  additional  month  on 

ordinarv  food  before  killing  it.  Twenty  preparations  from 

these  two  animals  are  still  preserved  in  the  R.C.S.  Museum, 

but  the  colouring  has  almost  gone  out  of  them.  Fortunately, 

there  are  preserved  accurate  coloured  life-size  drawings  of  the 

jaw  and  femur  of  tlie  second  pig — killed  a  month  after  the 

madder  diet  had  ceased  (Fig.  J3).  Hunter  found  the  appear- 
ances presented  by  these  two  bones  to  answer  his  expectations 

in  the  most  exact  manner.     What  had  been  the  condvle  and 
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posterior  boi'der  of  the  mandible  during  the  madder  period 
were  now  included  in  the  substance  of  the  ramus — buried  by 
the  new  condyle  and  new  posterior  border  which  had  been 

added  in  the  non-madder  period.  From  the  anterior  border 

of  the  ramus  the  madder-stained  bone  was  almost  completely 
removed  by  absorption. 

He  found  that  the  thigh- 
bone (Fig.  4)  told  the 

same  story  :  what  had  been 

the  upper  surface  of  the 

femoral  neck  during  the 

madder  period  was  now 

surmounted  by  new  bone, 

but  on  the  lower  aspect 
of  the  neck  there  was  no 

new  deposit,  but  a  clear 

indication  of  absorption. 
As  the  result  of  his  madder- 

feeding  experiments,  he 

concluded  that  living  bone 

"  is  constantly  changing 

its  matter,"  and  that  ab- 
sorption is  as  essential  a 

part  of  bone  growth  as 

deposition. 
The  recognition  that 

absorption  is  an  essential 

factor  in  tlie  process  of 

bone  growth  I)  10 ugh t 
Hunter  face  to  face  with 

another  problem  during  those  youthful  years  he  spent  in  his 

brother's  dissecting  room,  lione  was  laid  down  by  arteries, 
but  by  which  system  of  structures  was  it  absorbed  and  carried 

into  the  circulation  ?  At  the  period  he  was  making  his  first 

investigations  on  the  teeth — from  1754  to  1758 — his  brother 
William  was  proclaiming  as  a  new  discovery  the  absorbent 

function  of  lymphatic  vessels  :  lymph  vessels  were,  he  said,  of 

the  same  order  as  lacteals ;  therefore  they  had  the  power  of 

J 

'
/
 

Fig.  4. — Two  views  of  the  right  femur  of  the 
same  animal  as  that  from  which  Fig.  3  was 

taken.  The  position  of  the  epiphyseal  ends 
at  the  termination  of  tlie  madder  period  is 
shown. 
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absorption.  In  1758  we  find  John  Hunter  instituting  experi- 
ments to  ascertain  if  veins  had  the  power  of  absorption,  and 

apparently  was  satisfied  when  he  thought  he  had  proved  that 

they  had  no  such  power.  There  remained  only  one  system  of 

structures  which  could  remove  substances  from  the  tissues  — 

the  absorbents.  "  If  any  solid  part  of  the  body  undergoes 
diminution,  brought  on  in  consequence  of  disease,  it  is  the 

absorbent  system  that  has  done  it ;  they  are  the  thieves !  " 
After   having  settled   to    his    satisfaction  that  lymphatic 

vessels   were   the   agents    by   which   bone    was  absorbed    and 

modelled,  a  nmch  more  difticult  problem  presented  itself — one 
which    shows    us    how    deeply     Hunter    sought    to    pry    into 

Nature's    secrets.       He    saw    that  the    living    bone    of  empty 
tooth-sockets  was  removed.      He  was  certain   that  lymphatic 

vessels    were   the  agents  by   which  its    removal  was    effected. 

But  what  circumstance  set  the  lymphatic  vessels  to  work  on 

the  walls  of  the  empty  tooth-socket  ?     Why  should  the  living 
bone  of  that  socket  submit  ?     In  answering  these   questions, 

Hunter  seems  to  offer  us  a  stone  rather  than  bread.     "The 

remote  cause  of  absorption  of  wliolc  and  living  parts  implies 

the  existence  of  two  conditions,   the  first  of  which  is  a  con- 

sciousness,   in    the    part  to    be  al)sorbed,  of  the  unfitness  or 

impossibility  of  remaining  under  such  circumstances,  whatever 

they  may  be,  and  therefore  they  become  ready   for  removal, 
-  and  submit  to  it  with  ease.     The  second  is  a  consciousness  of 

the  absorbents  of  such  a  state  in  the  parts.     Both  these  con- 

curring, they  have  nothing  to  do  but  to  fall  to  work,"  ̂  
To  anyone  whose  imagination  has  not  spaimed  the  wide 

gulf  which  separates  the  simple  hydra — Hunter's  "polypus" 
— from  the  highly  organised  tissues  of  the  human  bod}'. 

Hunter's  solulion  of  the  problem  of  al)sorption  will  sound  like 
one  culled  iVom  the  land  of  dreams  or  of  metaphysics.  But 

to  one  who  has  spanned  that  gulf,  as  Hunter  had  done,  and 

recognises  that  every  living  particle  of  the  human  body  retains 

something  of  that  quality  of  the  hydra  which  we  name  con- 

sciousness, it  will  be  realised  that  Hunter's  answer  is  a  real  and 
true  one.  In  another  chapter  -  we  shall  have  occixsion  to 

^  Collected  Works,  vol.  i.  p.  255.  '  Chapter  X\'III. 

"> 
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examine  a  law  which  is  apphed  to  explain  the  manner  in  which 

bones  shape  themselves — Wolff's  law — and  we  shall  find  that, 
unless  the  bone-forming  and  bone-absorbing  cells  possess  just 

such  a  property  as  Hunter  ascribed  to  arteries  and  absorbents, 
then  such  a  law  is  without  foundation  ;  vet  that  law  is  well 
founded. 

No  one  has  given  a  more  vivid  or  a  more  accurate  descrip- 
tion of  the  manner  in  which  a  living  bone  casts  off  a  dead 

piece  than  Hunter.  Indeed,  it  was  his  study  of  necrosis  and 

exfoliation  that  assisted  him  to  realise  how  important  an 

operation  absorption  was  in  the  life  of  bones.  I  allude  to  this 

part  of  his  investigations  because  we  again  find  him  ascribing 
a  consciousness,  not  this  time  to  the  living  bone,  but  to 

Nature.  "  Thus,  while  Nature  is  busied  in  getting  rid  of  that 
part  of  the  bone  which  is  dead,  she  is  laying  on  additional 
bone  on  the  outside,  the  intention  of  which  seems  to  be  that  of 

keeping  up  the  strength  of  the  bone,  which  would,  without 

this  addition,  be  lessened  by  the  loss  of  substance.  This 

opinion  is,  I  think,  supported  by  the  circumstance  seldom 

occurring  in  this  manner  in  any  bones  but  those  of  the  lower 

extremity,  which  support  the  animal."^  We  have  here formulated  for  us  one  of  the  chief  observations  on  which 

Wolff '^s  law  is  based. 

\\v  need  not  review  Hunter's  investigations  of  the  pro- 
cesses involved  in  the  healing  of  fractures,  further  than  to 

ascertain  how  nearly  his  observations  agree  with  those  of 

Duhamel.  Hunter  rey-arded  the  vascularisation  of  the  blood- 
clot,  which  is  effused  between  the  broken  ends,  as  the  first 

important  stage  in  the  formation  of  the  repairing  callus.  He 

saw  that  the  vessels  of  the  callus  may  be  derived  from  the 

periosteum,  from  surrounding  torn  membranous  or  nuiscular 
tissue,  or  from  the  broken  ends  of  the  bone.  He  believed  in 

the  Hallerian  doctrine  that  any  arteriole  could  deposit  bone, 
and  it  therefore  mattered  little  whether  the  arteries  of  a  callus 

came  from  those  of  the  bone,  periosteum,  or  neighl)ouriug 

muscle.  The  deposition  of  l)one,  he  observed,  usually  com- 
menced at  the  broken  ends,  but  separate  deposits  might  also 

*  Collected  Works,  p.  574. 
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occur  in  the  callus.  He  thus  differed  altogether  from  Duhamel, 

who  regarded  the  uniting  callus  as  a  product  or  secretion  of 

the  periosteum. 

Hunter  repeated  the  experiments  on  which  Duhamel  based 

his  belief  that  a  bone  could  grow  in  length  only  at  its  ex- 
tremities.    He  inserted  two  pellets  in  the  tibia  of  a  young 

pig;    when  the  tibia  was    fully  grown    the    pellets    remained 

exactly  the  same   distance  apart.     In  the   course   of  growth, 

if  the  theory  of  intercalated  growth  were  true,  then  the  pellets 

ought  to  have  been  pushed  apart.     The  experiment  supported 

Duhamel's  contention.     Fig.  5  shows  the  shank  bones — tarso- 
metatarsus — of    fowls    on    which    Hunter    performed    similar 

experiments.     One  of  the  specimens  is  laid  open,  and  reveals 

two  leaden  pellets  in  the  medullary  cavity — the  distance  apart 
being  exactly  the  same  as  when  implanted  at  an  early  stage 

in  the  growth  of  the  bird.     The  other  Huntei-ian  specimen, 
also  depicted  in   Fig.  5,  shows  two   canals  leading    into  the 

medullary  cavity.     Bristles  inserted  into  these  canals  demon- 
strate that  both  are  inclined  towards  the  upper  or  proximal 

end  of  the  bone  where  is  situated  the  main  epiphyseal  line  of 

growth.     Now,  when  Hunter    made  the  holes,  the  bone  was 

71  mm.  long  and  the   distance  between    the   holes  42  nun. ; 

when  the  fowl  was  killed,  the  bone  was  91  mm.  long  and  the 

distance  between  the  holes  48  mm.      At  first   sight  it  looks 

as  if  Hunter  had  proved  that  there  had  been  an  interstitial 

elongation  of  the  shaft,  for  the  two  holes  have  separated  6  nun. 

in  the  course  of  growth.      Hunter  has  left  no  interpretation; 

but  I  suspect  he  had  fathomed  the  matter,  and  realised  that 

he  had  discovered  the  cause  of  the  obliquitv  of  the  nutrient 

canals  of  long  bones.     The  periosteum  is  firmly  fixed  to  the 

epiphvseal  line  at  the  upper  end  of  the  shaft  where  all  growth 

in  length  is  taking  place.     That  growth  at  the  proximal  end 

of  the  bone  causes  a  drag  on  the  periosteum — a  drag  which 
decreases  in  degree  as  the  distal  end  of  the  bone  is  ap[)roachcd. 

Hence   the   cauterised  holes   in   the   periosteum   are   dragged, 

during  the  growth  of  the  shaft,  an   unequal  degree  towards 

the    upper   or  growing    end    of  the    bone,   and    thus  become 

separated  to  an  increased  extent.     Sixty  years  after  Hunter's 
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death,  Sir  George  Humphry  explained  the  obhfjue  course  of 

nutrient  canals  of  long  bones  in  the  exact  manner  shown  by 

Hunter's  experiment. 
The  R.C.S.  Museum  contains  a  series  of  specimens  which 

represent  one  of  Hunter's  most  profitable  and  illuminating 
studies  of  bone  growth.  Antlers  of  the  ftdlow  deer  at  all 

stages  of  growth — with  their  sunnner  velvet  covering,  in  tjieir 
^"•lar'; 

si#J 

Fig.  5. — Two  drawings  of  Huntorian  specimens — both  of 
them  tarso-metatarsal  hones  of  fowls  on  which  Hunter 

experimented. 
The  upper  bone  is  laid  open.  The  pellets  which  were 

inserted  in  canals  of  the  shaft  at  an  early  stage  of 

growth  are  now  in  the  medulla,  but  the  same  dis- 
tance apart  as  when  inserted  in  the  young  bird. 

In  the  lower  specimen,  two  pins  are  inserted  in  two  canals, 
to  show  that  their  direction  is  oblique.  Hunter  made 
two  fine  holeyby  a  cautery  in  the  shaft  during  the  chick 
stage.  He  found  the  holes  had  become  oblique  canals, 

and  that  their  external  mouths  had  separated  six  milli- 
metres in  the  course  of  growtli.  (Drawing  by  VVm. Finerty. ) 

late  autumn  condition,  and  in  the  state  reached  in  the  early 

spring  before  they  are  shed — have  been  prepared  by  Hiniter 
so  as  to  show  the  rich  car|)et  of  blood  vessels  which  marks  the 

site  of  bone  deposition  under  the  "  velvet"  and  at  the  tips  of 
the  tines.  Sections  at  the  root  of  the  antler  expose  the  con- 

dition of  the  burr  and  the  state  of  the  bone  in  all  the  stages 

which  precede  the  death  and  shedding  of  the  antler.  He 

realised  that  Nature  has  never  given  more  vivid  demonstrations 

of  bone  growth,  never  provided  sucli   wealth  of  op[)ortunities 
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for  discovering  the  secrets  of  necrosis,  as  in  the  lavish  annual 

expenditure  she  makes  in  providing  deer  with  antlers.  No 

one  looking  at  the  rich  carpet  of  arteries  which  clothes  the 

surface  of  the  rapidly  growing  bone  would  fail  to  conclude, 

as  Hunter  did,  that  arteries  are  the  principal  agents  in  bone 

formation.  He  saw  how  complex  the  whole  process  was — how 
it  was  influenced  by  the  state  of  the  sexual  glands,  and  how 
the  arteries  of  the  neck,  by  some  secret  mechanism,  became 

enlarged  to  serve  the  needs  of  the  growing  antlers.  We  shall 

see  how  far  the  introduction  of  the  microscope  changed  our 

point  of  view  sixty  years  after  Hunter's  death.  Meantime  we 
note  that  those  two  men  of  the  eighteenth  century — Duhamel 
and  Hunter — laid  the  basis  of  our  knowledge  as  regards  the 

physiology  of  bone ;  and  of  the  two,  Hunter  laid  the  firmer 

and  deeper  part  of  that  foundation. 



John  Goodsir, 

Professor  of  Anatomy  in  the  University  of  Edinburgh  1846-1867, 
Born  at  Anstruther,  Fife,  1814  ;  Died  at  Edinburgh  1867,  aged  53, 

CHAPTER   XV 

RESEARCHES  MADE  BY  SVME  AND  liV  GOODSIR 

REGARDINCi  THE  GROWTH  AND  REPAIR  OF 
BONES 

An  exact  knowledge  of  the  manner  in  which  bones  grow  and  are  re- 
produced became  of  great  practical  Linportance  when  surgeons  began  to 

excise  diseased  and  disorganised  bones  so  as  to  save  limbs  from  amputation. 
Resection  of  bones  as  a  means  of  obviating  amputation  was  introduced  by 
Charles  White  of  Manchester  in  1768;  Henry  Park  of  Liverpool,  with  a 
similar  purpose  in  view,  initiated  the  operation  of  excision  of  joints  in  1783. 
James  Syme,  Professor  of  Clinical  Surgery  in  the  University  of  tidinburgh, 
defended  the  Duhamelite  theory  that  Ijones  which  had  been  excised  were 
reproduced  by  periosteum,  while  his  junior  colleague,  John  Coodsir, 
Professor  of  Anatomy,  demonstrated  that  such  a  theory  was  untenable, 

bone  being  reproduced  only  by  osteoblasts,  the  essential  constituents  of 
living  bone. 

237 
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Charles  White  was  the  son  of  a  physician  in  Manchester,  where  he 

was  born  in  1728,  and  where  he  died  in  1813. 
Henry  P.  Park,  surgeon  to  the  Liverpool  Infirmary,  was  born  in  that  city 

in  1744,  being-  the  son  of  a  Liverpool  surgeon.  He  studied  in  London  under 

Percival  Pott,  John  Hunter's  senior  and  successful  rival.     Park  died  in  1831. 
Jame.S  Syme,  although  born  in  Edinburgh  (1799),  came  of  a  Fifeshire 

family.  He  became  Professor  of  Clinical  Surgery  in  1833  at  the  age  of 
34,  and  died  in  1870  at  the  age  of  71.  He  was  succeeded  in  the  chair  of 

Clinical  Surgery  by  his  son-in-law,  Joseph  Lister. 
John  Goodsir  was  the  son  of  a  medical  man  practising  in  Anstruther, 

Fife,  where  Goodsir  was  born  in  1814.  He  succeeded  the  third  Monro  in 

the  chair  of  Anatomy  in  the  University  of  Edinburgh  in  1S46  ;  he  became 
the  martjr  of  a  long  ataxic  illness  and  died  in  1867,  when  he  was  succeeded 

by  the  late  Sir  Wm.  Tq^jier. 

MY  last  chapter  closed  with  the  death  of  Hunter  in  London 

in  the  autunni  of  1793.  We  shall  now  proceed  to 

Edinburgh,  to  see  what  two  men  who  made  Edinburgh  famous 

in  the  middle  decades  of  last  century — Syme  the  surgeon  and 

Goodsir  the  anatomist — can  teach  us  regarding  the  manner  in 
wliich  bones  grow  and  heal.  It  suits  our  purpose,  however, 

before  proceeding  to  Edinbui-gh,  to  discover  how  bone  surgery 

stood  in  the  North  of  England  during  Hunter's  time. 
No  one  who  values  a  knowledge  of  the  history  of  surgery 

and  of  learning  in  England  can  afford  to  be  ignorant  of  Charles 

White  of  Manchester.  He  was  born  in  the  same  year  as 

Hunter,  17^8;  he  was  a  class-fellow  of  Himter  in  the  Covent 
Garden  School ;  through  his  long  life  he  never  wavered  in 

his  loyalty  to  his  friend's  splendid  abilities.  He  was  elected 
a  Fellow  of  the  lloyal  Society  long  before  Himter.  Culling- 
worth  has  assigned  to  him  a  foremost  place  amongst  British 

gyn {geologists  ;  (  Aumingham  has  given  him  equal  rank  amongst 

the  pioneers  of  British  anthropology.  He  took  a  leading  part 

in  founding  the  hospitals,  colleges,  and  learned  societies  of  his 

native  city,  Manchester. 

We  })ro})ose  to  make  Ids  acquaintance  in  April  17()8, 

when  Edmond  Pollet,  a  coimtry  lad  of  fourteen,  presented 

himself  at  Manchester  Infirmary  with  an  abscess  in  the  left 

shoulder,  the  disease  having  connnenced  suddenly  a  fortnight 

previously.  Pus  was  issuing  by  several  siiuises  situated  in  the 

pectoral  and  deltoid  regions.      If  Charles  White,  then  in  the 
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prime  of  his  professional  career,  had  followed  the  standard 

treatment  of  the  period,  he  would  have  amputated  the  arm  ; 

but  he  resolved  to  try  and  save  the  limb  by  adopting  a  novel 
and  conservative  method  of  treatment.  Making  a  deep  vertical 

incision  along  the  deltoid  region,  he  forced  the  upper  end  of 
the  dead  shaft  of  the  humerus  from  the  wound  and  cut  it  off. 

Later,  a  further  piece  of  the  shaft  was  removed — altogether 
four  inches  of  it.  The  arm  was  placed  in  a  sling,  so  that 

"  the  weiirht  of  the  arm  mi(>;ht  counterbalance  the  contraction 

of  the  shoulder  muscles."'''  Movement  was  permitted,  to  secure 
a  sufficient  degree  of  mobility  at  the  shoulder-joint.  In  four 

months,  to  Charles  White's  surprise,  the  upper  end  of  the 
humerus  had  been  reproduced ;  there  was  only  one  inch  of 

shortening,  and  the  arm  could  be  freely  used.  In  reporting 

this  case  to  the  Royal  Society  in  1769,  White  drew  two  con- 
clusions:  (1)  That  when  a  bone  was  removed,  the  arteries  of 

the  part  had  the  power  to  renew  it ;  (2)  that  the  operation 
of  resection  had  manifest  advantages  over  amputation,  and 
deserved  serious  consideration  as  an  alternative  measure. 

Charles  White's  novel  operation  of  1768  merely  involved 
the  resection  of  dead  bone.  In  1783,  Mr.  Henry  Tark, 

surgeon  to  the  Liverpool  Infirmary,  was  in  a  position  to 

announce  a  further  stage  in  the  progress  of  surgery — the 

possibility  of  excising  diseased  joints  as  an  alternative  to  the 

amputation  of  limbs.  We  merely  note  here  that  each  of  these 
innovations  in  the  treatment  of  diseased  bones  and  joints 

demanded  a  more  intimate  aud  exact  knowledge  of  the  life 
and  iirowth  of  bone. 

Having  thus  seen  the  rise  of  "  conservative  surgery  "  in 
the  North  of  England  in  the  later  half  of  the  eighteenth 

century,  we  pass  on  to  Edinburgh  to  watch  the  practice  and 

principles  of  James  Syme.  In  his  day  Synie  held  the  centre 

of  the  surgical  stage  ;  but  it  is  only  the  early  part  of  his  career 

which  interests  us  now — the  struggling  decade  between  18J23and 

1833,  from  his  twenty-fourth  to  tiiirty-fifth  year,  when  he  was 

forcing  his  way  up  the  Edinburgh  surgical  ladder.  In  1825 
there  was  sent  to  liim  a  woman.  Christian  Laing,  age  38,  who 

had   suffered  from  caries   (tuberculosis)  of  the  shoulder-joint 
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for  six  years.  Synie  was  brouglit  face  to  face  with  the  same 

problem  as  had  been  presented  to  Charles  White  fifty-seven 
years  before — should  he  amputate,  or  should  he  resect  the 
joint  and  thus  try  to  save  the  limb  ?  He  chose  the  latter,  and 
the  woman  did  well.  Resection  as  a  defined  operation  for  the 

relief  of  a  diseased  joint  was,  as  we  have  seen,  first  formulated 

in  1783  by  Henry  Park,  surgeon  to  the  Liverpool  Infirmary, 

James  Svme, 
Professor  of  Clinical  Surgery  in  the  University  of  Edinburgh  1833-1869. 

in  a  letter  to  Percival  Pott ;  but  the  suggestion  which  moved 

Syme  to  adopt  the  operation  came  from  a  French  source. 

Almost  at  the  same  time  as  Park  was  elaborating  and  applying 

the  operation  of  resection  to  joints  in  Liverpool,  Moreau,  a 

surgeon  in  the  North-East  of  France,  was  adopting  a  similar 
method  of  treatment,  though  it  was  many  years  later  (1816) 

before  his  French  colleagues  recognised  the  value  of  his  work. 

The  first  effort  of  Syme's  youthful  career  was  to  introduce  this 
operation  into  Scotland.  In  1831  he  published  a  Treatise  on 

the  Excision  of  Diseased  Joints.     Ry  that  date  he  had  done 
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fourteen  resections  of  the  elbow-joint.  The  introduction  of  a 
new  surgical  method  invariably  makes  new  demands  on  our 

knowledge  of  anatomy  and  physiology.  The  adoption  of  re- 
section of  joints  as  a  routine  measure  made  an  exact  knowledge 

of  bone  reproduction  more  urgent  than  ever. 

If  we  would  use  words  in  a  strictly  conventional  sense,  we 

must  describe  Syme  as  an  eminently  practical  as  well  as  a  daring 

surgeon.  To  the  onlooker  he  seemed  to  applv  a  remarkably 

sound,  common-sense  judgment  to  the  various  surgical  prob- 
lems which  came  before  him.  In  reality  he  was,  as  all  purely 

practical  men  must  be,  an  experimental  surgeon,  trying  to 

discover  the  best  means  of  treatment  by  roughly  balancing  the 

results  which  attended  one  method  against  those  which  followed 

from  another.  But  for  one  brief  period  in  his  life  Syme  be- 
came a  rational  suri^eon.  In  1835 — two  years  after  he  succeeded 

to  the  chair  of  Clinical  Surgery  in  Edinburgh  University— he 
had  to  treat  the  case  of  a  youni;  <>irl  who  suffered  from  acute 

osteomyelitis  of  the  tibia.  He  had  to  amputate,  ̂ ^'hen  he 
dissected  the  leg,  he  found  the  shaft  of  the  bone  dead,  and 

enclosed  by  a  new  stratum  of  bone  which  was  adherent  to,  and 

apparently  formed  by,  the  periosteum.  To  settle  for  all  time 

that  periosteum  could  and  did  reproduce  bone,  he  carried  out 

the  following  well-devised — and,  I  have  no  doubt,  neatly 

executed — experiment  on  young  dogs. 

In  his  first  experiment  he  removed  ij  in.  from  the  radius  of  both  right 

and  left  leg's  ;  on  the  right  he  also  removed  the  periosteum,  whereas  on 
the  left  this  membrane  was  preserved  in  place.  When  the  dog  was  killed 
at  the  end  of  six  weeks,  the  missing  part  of  the  left  radius  was  reproduced  ; 
whereas,  on  the  right,  where  the  periosteum  had  not  been  preserved,  a  gap 
still  remained.  He  repeated  the  experiment  on  a  second  dog,  and  got  the 

same  result :  when  the  periosteum  was  removed,  a  gap  remained. 
He  changed  the  conditions  of  the  experiment.  Taking  another  dog,  he 

raised  the  periosteum  from  a  segment  of  tiie  radial  shaft,  and  separated  the 

periosteum  from  the  bone  by  introducing  between  them  a  ferrule  of  tin-foil. 
The  periosteum  formed  a  layer  of  bone  on  the  tin-foil. 

Finally,  he  cut  away  the  periosteum  from  a  segment  of  the  radius,  and 

wrapped  the  denuded  surface  with  tin-foil.  N'o  layer  of  bone  was  deposited 
on  the  tin-foil,  because  there  was  no  periosteum  covering  it. 

We  have  here  the  Haller-Duhamel  controversy  again  raised, 
and  it  is  clear  that  Syme  became  a  convinced  Duhamelite. 

16 
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We  are  now  to  make  the  ac(|aaiHtaiice  of  a  man  who  in 

his  intimate  and  deep  grasp  of  the  problems  presented  by 

Hving  matter  came  nearer  to  Hunter  than  any  other  Briton  of 

the  nineteenth  century.  In  physical  appearance  John  Hunter 
and  John  Goodsir  were  as  different  as  men  can  be.  Hiniter 

was  from  the  West,  of  medium  stature,  alert,  and  fiery  ; 

Goodsir  was  from  the  East — from  Anstruther  in  the  county  of 

Fife — tall,  gaunt,  serious,  and  Calvinistic,  with  a  long,  sombre 
countenance.  But  Hunter  and  Goodsir  were  alike  in  this : 

they  both  had  an  insatiable  capacity  for  work,  and  an  almost 

"  uncanny  "  gift  of  rightly  interpreting,  from  the  slenderest  of 
clues,  the  more  secret  workings  of  living  matter. 

Here,  however,  we  have  to  do  only  with  Goodsir''s  in- 
vestigations concerning  the  growth  and  reproduction  of  bone. 

Goodsir  was  fully  aware  of  Syme's  researches  on  the  reproduc- 

tion of  bone  by  periosteum  ;  he  had  "  dressed  "■"'  for  Syine  ;  he 
was  a  student  in  Edinburgh,  and  apprenticed  to  Xasmyth  the 

dentist  when  Syme  was  rising  to  the  height  of  his  fame. 

There  was  every  inducement  for  him  to  support  Syme''s  conclu- 
sions ;  but  the  result  of  his  investii^-ations  convinced  him  that 

the  periosteum  had  no  power  to  foi-m  bone,  and  that  there  was 
only  one  eleinent  in  the  body  which  could  form  and  reproduce 

bone — namely,  the  corpuscles,  which  he  had  detected  and 
studied  with  his  microscope  as  normal  constituents  in  every 

variety  of  ossification.     Goodsir  was  a  Hallerite  of  a  new  kind. 

No  one  can  serve  so  well  as  Goodsir  to  brin<>:  home  to  us 

the  transformation  which  took  place  in  our  knowledge  of  living 
bone  in  the  decade  which  followed  1838 — when  men  first  came 

to  realise  that  living  matter  is  made  up  of  units  or  atoms  to 

wliicli  \\i'  give  the  name  of  cells  or  corpuscles.  We  are  pursu- 
ing a  straight  path  when  we  lay  bare  the  circumstances  which 

made  Goodsir  one  of  the  pioneers  of  the  cell  doctrine.  'J'here 
are,  in  the  first  place,  the  circumstances  of  his  training.  He 

came  of  a  line  of  medical  practitioners.  At  the  age  of  ]() — in 

1830 — he  was  ap[)renticed  to  Nasmyth  the  dentist.  He  had 
the  most  delicate  control  of  his  long  fingers,  and  very  soon 

began  to  apply  his  manipulative  ability  to  unravelling  the 

delicate  tissues  of  tooth  buds  and  his  (juick  eye  to  noting  the 
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several  stages  which  the  various  teeth  passed  from  the  time 

their  rudiinent  could  be  detected  in  the  embryonic  jaw  until 

the  date  of   their  complete  eruption.     Such  an  investigation 

entailed  a  collateral  studv  of  bone  growth.      In  Knox's  dissect- 
ing  room  he  was  thrown  amongst  the  men  who  were    to  be 

leaders  in  Science  and  in  Medicine — Edward  Forbes,  Fergusson^ 
John  Reid,  and  Sharpev.      He  dressed  for  Syme  and  dissected 
for  Alison.     In  1835  he  became  a  licentiate  of  the  College  of 

Surgeons  of  Edinburgh,  and  returned  to  Anstruther  to  assist 
his  father.      In  three  vears  he  was  back  in  Edinburgh  in  search 
of  a  foothold  on  the  ladder  which  led  to  the  more  eminent 

posts  in  Medicine.      He  had  to  wait  until  1841,  when  he  was 

27    years    of  age,  before    one  came — the    curatorship  of   the 
Museum  of  the  College  of  Surgeons,  at  a  salary  of  £\oO  per 

annum,  out  of  which  he  had  to  pav  an   assistant.      He  only 

held  the  office  for  three  years  ;  but  never  did  man  crowd  years 
with  discoveries  as  Goodsir  did  these  three.     Tliev  were  dis- 

coveries, we  shall  see,  that  have  a  very  direct  bearing  on  the 

problems  we  are  exploring. 

Goodsir  Ijrought  to  his  office  not  only  rare  powers  of  brain 

and  hand,  but  two  (jualilications  which  are  absolutely  essential 

for  the  man  who  would  open  a  new  field  of  knowledge — a  new 
instrument,  and  a  fresh  inspiration.     The  new  instrument  was 

the  compound  achromatic    microscope,  which  had  then  been 

perfected  by  Lord  Lister's  father,  and  such  an  instrument  was 

Goodsir's  companion  from  his  boyhood  upwards.     Tiie  inspira- 
tion he  drew  fVom  years  spent  in  the  study  of  the  marine  forms 

of  invertebrate   life  which   he  dredged  from   the  waters  of  the 

Firth    of   Forth.      Molluscs,    evhinoderms,    and    sponges    pre- 
sented him  with  the  same  problems  of  life  as  did  the  tissues  of 

the  human  body,  but  in  a  simpler  form.     He  had  thus  accjuired 

the  means  of  spanning  the  gap  which  seems  to  separate  the 

simple  tissues  of  the  lowly  hydra  from   the  complex  textures 

which  compose  the  himian  body  with  nuich  greater  accuracy 

than  was  possible  in    Hunter's  time.      When   he  came  to   un- 
ravel the  obscure  and  complex  j^rocess  of  bone-building  in  the 

human  skeleton,  he  found  a  clue  during  his  study  of  sponges ; 

they  also  build  skeletons. 
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Goodsir  was  a  follower  of  Hunter.  In  his  youth  he 

accepted  Hunter's  teaching  that  bone  was  deposited  by  arteries 
and  was  absorbed  and  remodelled  by  lymphatics.  The  appli- 

cation of  the  microscope  soon  shattered  these  beliefs.  His 

microscopical  investigations  of  the  growing  epiphyseal  lines  of 
bones  revealed  cartilage  cells  grouping  themselves  into  seiTied 

ranks ;  he  saw,  or  thought  that  he  saw,  these  cartilage  cells 

settle  in  the  meshes  of  the  cartilaginous  trabecuhe  and  become 

"  bone-forming  corpuscles " ;  he  traced  the  transformation  of 
the  primary  spaces  in  the  cartilage  from  one  stage  to  another 

until  they  became  Haversian  canals,  still  lined  by  the  cells 

which  he  regarded  as  the  descendants  of  the  primitive  cartilage 

corpuscles.  He  saw  how  the  corpuscles  of  the  Haversian 

canals  became  included  within  the  bone  to  become  its  living 

denizens.  He  knew  that  similar  cells  built  up  the  skeletons  of 
invertebrate  forms  of  life,  and  had  no  doubt  that  the  human 

skeleton  was  laid  down,  not  by  arteries,  but  by  an  element  of 

which  Hunter  had  no  conception — separate  self-acting  units  of 

living  matter.  That  discovery — Goodsir  made  it  for  himself, 

others  had  done  the  same  independently — marks  a  new  chapter 
in  our  knowledge  of  bone.  But  the  old  or  Himterian  chapter 

did  not  pass  out  of  date ;  the  new  chapter  merely  gave  a  more 

precise  interpretation  of  the  facts  contained  in  the  old.  Bone 

corpuscles  were  substituted  for  arteries. 

There  were  in  the  Museum  of  the  Edinbury-h  Collejre, 

under  Goodsir's  care,  certain  famous  specimens  which  had  been 

made  in  William  Hunter's  school  in  London  hy  Cruikshank. 
They  were  supposed  to  demonstrate  that  lacteals  opened  on 

the  intestinal  villi  by  open  mouths.  Such  o})enings  or  mouths 

were  believed  to  exercise  a  selective  function,  ])icking  out  or 

absorbing  from  the  aliment  passing  along  the  canal  such  ele- 
ments as  served  for  the  nourishment  of  the  body.  Goodsir 

applied  his  microscope  to  these  specimens ;  he  could  see  the 

injected  lacteals  in  the  villi,  but  nowliere  could  he  find  open- 
ings or  mouths.  He  applied  himself  to  the  problem  of 

al)sorption.  He  fed  a  dog,  and  when  digestion  was  at  its 

height,  examined  the  villi.  He  found  cells  laden  with  the 

products    of    digestion,   and    concluded    that    the    carpet    of 
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epithelial  cells  which  lines  the  bowel  was  the  agent  by  which 

food  was  taken  up  and  absorbed  from  the  contents  of  the 

intestinal  tract.  His  intimate  knowledge  of  cellular  processes 
in  the  lower  forms  of  life  led  him  farther ;  he  realised  that 

every  cell  in  the  human  body  must  have  a  power  of  absorption, 

for  every  living  cell  must  feed — must  have  the  power  of  taking 
in  nourishment.  Absorption  was  a  natural  function  of  every 

kind  of  cell — including  those  which  are  found  in  bone.  Thus 

he  had  to  throw  overboard  Hunter*'s  conception  of  lymphatic 
vessels  playing  the  part  of  bone  absorbers  and  bone  modellers, 

and  put  in  its  place  a  very  different  conception — one  of  living 

units  or  cells  which,  from  being  builders,  had  become  de- 
stroyers. When  bone  is  absorbed  it  is  not  its  lymphatics 

which  had  become  thieves,  as  Hunter  thought,  but  the  cells 

living  in  its  own  interstices. 

The  microscope  revolutionised,  and  at  the  same  time 

simplified,  our  conception  of  the  growth,  maintenance,  and 

reproduction  of  bone.  In  place  of  it  being  a  living  tissue 

manipulated  by  arteries  and  by  lymphatics,  it  became  an 

organisation  of  living  units — bone  corpuscles — each  of  them 
endowed  with  the  power  to  build  up  or  take  down  that 

territory  which  lay  directly  under  its  control.  Goodsir  was 

the  first  to  realise  the  new  picture  of  bone.  That  discovery 

has  not  made  Hunter's  assumption  of  "consciousness"  in  bone 
less  tenable.  How  are  such  cells  controlled .''  \Vhat  are  the 

circumstances  which  make  them  lay  down  bone  on  one  day  and 

carry  it  away  on  the  next? 

The  investigations  which  Goodsir  made  on  the  nature  of 

bone  during  the  three  years  of  his  curatorship  are  recorded  in 

four  very  brief  papers  which  first  appeared  in  his  Anatomical 

and  Pat/i()/()<>-'ical  Ohwrvatioiifi,  published  in  1845. ^  One  of 
these  is  entitled,  "The  Mode  of  ReiModuction  after  Death  of 

the  Shaft  of  a  Long  Hone."  It  is  an  incpiiry  concerning  the 

bone-forming  power  of  periosteum — being  an  answer  to  Syine's 
investigations  mentionerl  in  an  earlier  j)art  of  this  chapter. 

He  concluded  that  periosteum  has  no  bone-forming  power — it 

'  See    The  Anatomical  Memoirs  oj  John  Goodsir,  by  William  Turner, 
vol.  ii.,  1868. 
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is  simply,  as  he  terms  it,  a  "  limiting  membrane."     He  did  not 
deny  that  periosteum  "  participated  in  the  office  of  regenera- 

tion— an    important    principle    in  surgery,"  but  its  power  to 
form  bone  depended  wholly  on  the  fact  that  particles  of  the 
true  osseous  substance  of  the  shaft  had  become  adherent  to  it, 

these    particles    becoming    the    centres    from    which    the    new 

bone    attached    to    the    periosteum    was    formed.     By    actual 

experiment    he    removed    periosteum    by  scraping,  and  found 

particles  of  bone  adhering  to  its  deep    surface.     From   such 

fragments,  he  concluded,  new  bone  was  reproduced.      He  ex- 
amined the  periosteal  shells  which  form  round  necrosed  shafts. 

He  found  that  wherever  there  was  a  rough  or  ulcerated  patch 

on  the  old  shaft,  there  was  also  in  the  corresponding  area  of 

the  periosteum  a  nucleus  of  bone  growth  ;  but  where  the  areas 

of  the  old  shaft  were  perfectly  smooth — where  there  was  no 
trace  of  exfoliation  or  ulceration  of  the  old  bone — there  was  a 

gap  or  cloaca  in  the  overlying  periosteal  slicll.     If  the  perios- 
teum owed  all  its  osteogenetic  power  to  adherent  morsels  of 

bone,  then  these  appearances  were  just  as  they  should  be.     He 

conceived  that  the  shaft  of  a  bone  might  be  killed  so  quickly 

by  disease  that  there  was  no  time  for  the  separation  of  living 

fragments  to  act  as  bone  grafts  on  the  periosteum.     In  such  a 

case  there  would  be  no  reproduction  of  bone.      If  the  greater 

part  of  a  shaft  did  die,  he  observed  that  ossilic  centres  shot  out 

most    vigorously    from     the    terminal    living    parts.      He    had 

never  seen  an  epiphysis  take  any  part  in  the  regeneration  of  a 

shaft ;  in  a  physiological  sense  an  epiphysis  should  l)e  regarded 

as  a  separate  bone.     Finally,  as  regards  Syme's  experiments, 
Goodsir  held  that  they  did  not  demonstrate  an  osteogenetic 

power    in    periosteum,    but    they    did     demonstrate    that,    as 

detached  by  the  surgeon,  it  could  and  did  carry  with  it  bone 

particles  or  grafts  w  hich  could  serve  as  centres  of  reproduction. 

For  Goodsir,  a  bone  was  a  hive  of  bone  corpuscles  wrapped 

within  a  nest  of  periosteum. 

I  have  mentioned  Ilimter's  graphic  and  accurate  picture  of 
what  the  unaided  eye  can  see  when  a  living  bone  casts  off  a 

dead  piece.  Goodsii's  paper  on  "  Absorption,  Ulceration,  and 
the    Structures   eni;ai>:e(l    in    these    Processes"    adds   a  fitting 
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pendant  to  Hunter's  picture — a  pendant  painted  through  his 
microscope — the  earliest  picture  of  its  kind.     We  have  seen 
that  Goodsir  recognised  the  corpuscles  which  lined  the  walls  of 
the  Haversian    canals   as    the  oldest  and  most  active  of  the 

cellular  constituents  of  bone.     He  had  observed  them  on  the 

surface  of  the  bone,  under  the  periosteum.      He  knew  well  that 

these    canalicular    cells    could    be    stimulated    to    activity    by 

inflammation  ;    in    Hunter's    phraseology,  they  were  endowed 
with  irritabilitv.      He  saw,  in  an  inHammatorv  area  of  bone, 

that  these  cells  nuilti plied  in  the  Haversian  canals  ;  the  walls 

of  the  canal  widened  by  the  proliferation  of  tissue  and  the 

absorption  of  the  wall  until  neighbouring  Haversian  systems 

almost  met,  or  did  fully  meet.      He  observed  that  all  along  the 

margin  which  demarcated  the  dead  from  the  living  bone,  there 

was  this  exaggeration  of   the    normal    activity  of  bone  cells, 

accompanied  by  an  increased  vascularity,  an  expansion  of  the 

canals,  and  an  absorption  of  the  bony  substance  between  the 

canals  until  an  open  trench  was  formed,  which  separated  the 

dead  from  the  living  bone.     The  separation  of  a  sequestrum 

was  thus  the  work  of  osteoblasts,     Goodsir  had  no  difficulty  in 

supj)osing  that  the  cells  which  laid  dow  u  bone  could  change 

their  mode  of  life  and  devote  themselves  to  clearing  away  their 
old    handiwork.      He    conceived    that    the    more  active  these 

bone-devouring  cells  were,  the  shorter  would  be  the  term  of 
their  lives,  and  the  sooner  would  thev  melt  and  their  remains 

pass  into  the  general  circulation.      The  microscope  simpliiieil 
the   understanding  of  the   effects  of  inflammation    on  bone  : 

Goodsir  was  the  first  to  realise  that  these  changes  were  effected 
l)v  livinn;  units  or  cells. 

Goodsir's  bone  researches  were  all  cai'ried  out  in  the  three 
years  of  his  curatorship.  In  1840,  at  the  age  of  32,  he  was 

elected  to  the  chair  of  Anatomv  in  the  Universitv  of  Edinburgli 

in  succession  to  the  third  Monro.  Just  befoi-e  the  onset  of  his 

disastrous  and  long-diviwn-out  illness,  some  ten  years  later,  lie 
opened  uj)  a  field  of  research  which  vet  remains  to  be  explored. 

It  is  one  which  is  destined  to  fhrow  a  new  light  on  I  lie  hving 

(Hialities  of  bone  corpuscles.  In  18.53  a  pu|)il  had  scnl  him  a 

new  f'onii  of  sponge  dredged   from  the  waters  of  S[)it/bergen. 
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While  investigating  its  structure,  he  observed  that  the  spicules 

- — its  skeleton — had  many  forms,  but  each  was  built  and  laid 

down  so  as  to  strengthen  and  keep  open  the  water-canals  on  the 
entirety  of  which  the  lives  of  the  sponge  colonists  depend.  He 
looked  for  the  builders  and  found  them.  No  one  had  seen  or 

studied  them  before.  He  formulated  the  following  law  :  "  A 
spiculum  is  formed  by  a  series  of  sponge-particles  (sponge  cells), 
so  arranged  in  a  column  or  system  as,  by  the  silification  of  more 

or  less  of  their  contiguous  surfaces  and  substance,  to  form  a 

continuous  rod,"  In  short,  he  saw  groups  of  spicule-forming 
cells  marshal  themselves  into  a  geometrical  pattern  and  lay 

down  supports  of  the  exact  form  and  in  the  exact  position 

where  such  supports  were  needed.  We  shall  see  that  bone 

corpuscles  have  also  similar  qualities. 

During  the  last  ten  years,  Professor  Dendy,^  of  King's 
College,  London,  and  his  former  pupil,  Professor  Woodland,^ 
have  carried  out  a  series  of  researches  which  justifies  one  in 

regarding  the  scleroblasts  which  form  the  spicular  skeletons  of 

invertebrate  forms  of  life  as  the  exact  counterparts  of  the 

osteoblasts  of 'our  own  bodies.  In  the  more  primitive  types  a 
spicule  is  actually  formed  inside  the  cell — an  intracellular 
secretion  ;  all  stages  between  the  intracellular  and  extracellular 

mode  of  spicular  formation  can  be  demonstrated.  The  sclero- 

blasts are  special  cells  derived  from  the  dermal  or  skin  layer. 

They  do  their  work  according  to  the  needs  of  the  animal  frame 

of  whicli  they  form  part ;  they  build  tlieir  spicules  so  as  to 

strengthen  that  side  of  a  sponge  which  is  exposed  to  the  force 

of  the  waves,  just  as  osteoblasts  built  to  withstand  the  pressures 

applied  to  bone.  The  scleroblasts.  Professor  Dendy  observed, 

are  sensitive  to  vibrations.  Thus  we  shall  see  that  at  an  early 
stage  in  the  evolution  of  animal  life  verv  wonderful  cells  came 

into  existence,  cells  which  could  design  and  build  struts  and 

supports  to  meet  the  most  varying  forms  of  stress  and  pressure. 

The  scleroblasts,  the  "  mason-cells,"  of  sponges,  to  which  we 
have  merely  alluded,  work  in  silica,  but  others  build  with  calcium 

'  For  Professor  Dendy's  latest  paper,  see  Proc.  Roy.  Soc,  191 7,  Ixxxix. 
573- 

-  Quart.  Jour,  Microscop.  Sci.,  1905,  xlix.  231  ;    1906,  xlix.  533. 
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salts,  just  as  do  bone  cells.  We  must  suppose  that  the  cells 
which  build  the  skeletons  of  vertebrate  animals  are  the 

descendants  of  such  cells  and  have  inherited  all  their  mar- 

vellous aptitudes.  But  while  we  can  study  the  behaviour  of 
osteoblasts  only  under  the  most  obscure  and  difficult  circum- 

stances, their  ancient  cousins  lie  open  to  us,  clear  and  diagram- 
matic in  their  outlines  and  easy  of  access  to  the  prying  eye  of 

the  microscopic  lens.  It  was  John  Goodsir  who  pointed  the 

way  to  this  lowly  soiu'ce  of  knowledge.  We  have  not  yet  said 
good-bye  to  him  ;  he  again  becomes  our  guide  in  several  of 
the  chapters  which  are  to  follow. 



/ 

Louis  Xavier  Edouard  Leopold  Ollier, 

Professor  of  Clinical  Surgery  in  the  University  of  Lyons, 
Born  1830;  Died  1900. 

CHAPTER  XVI 

RESEARCHES  INTO  RONE  GROW'JII  AND  RONE 
REPRODUCTION  RY  OLLIER  OE  LYONS  AND 
MACEWEN  OE  GLASGOW 

In  this  chapter  we  shall  examine  the  discoveries  and  researches  which 
form  the  basis  of  our  modern  knowledge  of  bone  growth,  bone  repair,  and 
bone  reproduction.     In  the  modern  period  we  shall  find  that  surgeons  are 

still  divided  into  "  Duhamelites"  and  "  Hallerites."     Louis  Ollier,  who  was 
born  near  Lyons  in   1830  and  afterwards  served  as   Professor  of  Clinical 

Surgery  and  surgeon  to  the  Hotel-Dieu  of  that  city,  became  a  convinced 
supporter  of  the   Duhamel  (heory  that   periosteum    is  the    maternal  tissue 
of  bone.    That  conviction  was  founded  on  a  prolonged  period  of  experimental 

investigation  (from  1857-1868),  and  of  clinical  observation      He  died  in  iqoo 

in  his  seventieth  j-car.      Sir  William  Maccwen,  born  in  the  island  of  Bute  in 
1848,  studied  Medicine  in  the  University  of  Glasgow  when  Lister  occupied 

the  chair  of  Surgery  there — the  chair  which  he  also  was  called  on  to  fill 
in  1892.      Mis  experimental  investigations  and  clinical  observations  led  him 

to  a  conclusion  which  is  exactly  the  opposite  of  that  reached  by  Oilier—' 
250 
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namely,  that  periosteum  has  no  power  to  form  bone.  Flourens,  whose 
researches  form  an  essential  link  between  the  investigations  of  Duhamel  and 
those  of  Oilier,  was  born  in  the  Department  of  Herault  in  the  south  of  France 
in  1794,  and  died  in  1867.  At  the  time  he  carried  out  his  researches  on  bone 

gfrowth  he  held  the  chair  of  Comparative  Physiology  in  the  Natural  History 
Museum,  Paris.  He  was  a  supporter  of  Duhamel.  In  another  chapter  we 
have  had  an  opportunity  of  studying  this  brilUant  Frenchman. 

IN  almost  the  selfsame  year  that  Goodsir  of  Edinburgh  was 

quietly  establisliiiii;  to  his  own  sati.sfiiction  that  bone 

corpuscles  were  the  agents  which  built  bones  up  and  took  them 

down,  Marie  Jean-Pierre  Flourens,  the  permanent  secretai'y  of 
the  Actidemy  of  Science  of  Paris,  was  proving,  not  only  to  liis 
own  satisfaction,  but  to  that  of  all  the  world,  that  Duliamel  was 

right :  periosteum  was  the  maternal  tissue  of  bone.  When  lie 

published  his  Recherche.s  sur  le  Developpcmcnt  dcs  Os  ct  dcs 
Dents  in  1842,  he  was  a  man  of  48,  with  behind  him  the 

most  brilliant  record  of  experimental  success  of  any  man  in 

Europe.  He  had  that  gift  which  is  often  given  to  Frenclnuen 

— a  clear  incisive  ensaffing  style  which  carries  conviction  with 

every  sentence.  He  had  repeated  and  extended  Duhamel's 
observations.  He  agreed  that  Duhamel  was  riijlit :  new  bone 

was  deposited  on  the  surffxce  of  the  bone  inider  and  by  the 

periosteum.  He  also  agreed  that  Hunter  was  right :  absorp- 
tion of  bone  was  continually  taking  place  ;  the  substance  of 

every  living  bone  was  in  a  constant  state  of  flux.  He  had 

destroyed,  as  Troja  had  done,  the  medulla  and  medullary  lin- 
ing of  a  long  bone,  and  seen,  as  the  result  of  the  experimental 

injury,  the  whole  shaft  die  and  the  periosteum  start  into  active 

life  and  lay  down  a  new  shaft.  Troja's  experiment  he  regarded 
as  positive  proof  that  the  periosteum  could  reproduce  bone 

after  the  entire  substance  of  the  shaft  had  been  destroyed.  He 

emphasised  the  ffict  that  growth  in  length  took  j)lace  at  the 

epiphyseal  lines.  People  knew  of  the  discoveries  of  I'lourens  ; those  of  Goodsir  were  overlooked. 

In  1857  Flourens  was  ageing  rapidlv,  when  a  voung  medical 

graduate  of  Montpellier,  of  the  name  of  Louis  Oilier,  came  to 
Paris,  attracted  above  all  bv  the  great  nanie  of  Claude  Bernard, 

the  genius  of  experimental  reseaich.  Oilier  was  a  son  of 

Southern  France;  although  a  graduate  of  Montpelliei-,  his  real 
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university  was  Lyons ;  there  he  had  studied  under  Bonnet,  the 

leading  authority  on  diseases  of  the  joints  when  OUier  was 

studying  Medicine.  In  his  student  days  the  functions  of  the 

periosteum  had  been  debated  ;  Oilier  held  the  opinion  that  it 

had  no  osteogenetic  function — in  spite  of  the  researches  of 
Duhaniel  and  Flourens,  During  the  short  period  which  he 

spent  in  Paris  he  determined  to  settle  the  matter  for  himself 

by  applying  the  experimental  method  of  Claude  Bernard.  He 
went  to  work  in  the  laboratory  of  Chauveau.  He  selected  a 

young  rabbit  as  the  subject  of  his  first  ejcperiment.  He  lifted 

from  the  subcutaneous  surface  of  the  tibia  a  tongue-shaped  Hap 
of  periosteum,  leaving  it  attached  by  its  base.  He  turned  the 

flap  or  strip  over  the  deep  flexor  muscles  of  the  leg  so  that  it 

formed  a  kind  of  annular  ligament  over  them.  In  six  weeks 

he  found  that  the  membrane  had  become  a  loop  of  bone,  thick 

and  strong  at  its  base,  but  tapering  towards  the  tip  until  it 

became  fibrous.  He  repeated  the  experiment  in  a  slightly 

different  form  and  got  the  same  result ;  a  semi-detached  piece 
of  periosteum  could  and  did  form  bone.  He  then  proceeded 

to  vary  the  conditions  of  his  experiment  further.  He  twisted 

the  base  of  the  periosteal  flap  so  that  the  vessels  entering  at  its 

base  would  be  compressed ;  the  twisted  slip  of  periosteum  pro- 
duced a  beaded  string  of  bony  nodules.  In  a  further  experiment 

he  raised  a  process  of  periosteum,  turning  it,  as  before,  over  the 

adjoining  muscles.  Three  days  later  he  detached  its  base  from 

the  shaft  of  the  tibia.  The  slip  of  periosteum  he  had  thus 

detached  also  produced  bone  ;  the  power  of  producing  bone,  he 

concluded,  must  be  inlierent  in  the  periosteum,  for  after  the 

base  of  the  fiap  was  cut  there  could  have  been  no  migration 

-of  osteoblasts  from  the  parent  bone  to  the  detached  slip.  He 
then  raised,  and  at  the  same  time  completely  detached,  a  piece 

of  periosteum,  and  transplanted  it  into  the  subcutaneous  tissue 

of  the  thigh.  He  used,  for  the  first  time,  periosteum  as  a  graft ; 

that  graft  produced  bone.  Oilier  entered  Chauveau's  labora- 
tory in  Paris  a  sceptic ;  when  he  liad  completed  his  first  series 

of  experiments  he  was  convinced  of  the  osteogenetic  properties 
of  periosteum. 

We  must  look  closely  at  Oilier,  because  he  is  almost  the 
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earliest  example  we  shall  meet  of  a  new  type  of  surgeon — one 
who  realised  that  experimental  physiology  is,  and  must  be,  the 

basis  of  all  rational  operations  in  surgery.  Lister  and  he  were 

almost  contemporaries:  Oilier  was  born  in  1830,  three  years 

after  Lister.  Lister  gave  the  first  ten  years  of  his  career  to 

experimental  physiology  ;  so  did  Oilier.  The  series  of  experi- 

ments we  have  just  narrated — done  when  Oilier  was  in  his 

twenty-eighth  year — would  have  satisHed  most  young  men. 
Oilier  had  the  qualities  of  the  true  investigator  :  he  realised 

that  his  experiments  had  touched  only  the  fringe  of  the  physio- 
logy of  bone.  Hence,  when  he  returned  to  Lyons  in  1859, 

where  he  was  soon  to  be  called  to  fill  the  chair  of  Clinical 

Surgery  and  serve  as  surgeon  to  the  Hotel- Dieu,  he  continued 
his  investigations  year  after  year  until  in  1868  he  published 

the  results  of  his  experimental  and  clinical  observations  in  two 

volumes  under  the  title  of  Traite  Explrhnental  ct  Cl'inique  de 
la  Ren-cmt'dtion  (Ie\  Os  et  de  la  Production  Artipchile  du  T'ls-ssu 
Osseiuv.  From  the  time  he  obtained  his  first  experimental 

results  Oilier  had  one  major  object  in  view — namely,  to  demon- 
strate that  the  reproduction  of  a  joint,  which  liad  been  excised 

because  of  disease,  was  only  possible  if  the  sm'geon  conducted 
the  operation  so  tiiat  the  periostemn  was  left  intact.  He  was 

convinced  that  the  terminal  ends  of  bone  could  be  reproduced 

only  by  the  periosteum. 

When  he  commenced  a  second  series  of  experiments  in  1858, 

he  devoted  liis  attention  more  closely  to  the  anatoniy  and 

microscopic  structure  of  the  periosteum.  His  critics  liad 

alleged  that  when  he  raised  the  periosteum — which  he  did  by 
pressing  a  rugine  firmly  against  the  surface  of  the  shaft  of  the 

bone — he  also  detached  fragments  of  bony  matter,  and  it  was 

these  and  not  the  pei'iosteum  which  gave  rise  to  new  bone. 
He  therefore  examined  with  a  lens  his  detached  strips  of 

periosteum,  and  satisfied  himself  that  they  were  free  from 

visible  fragments  of  bone.  He  was  a  proficient  microscopist, 

and  studied  the  mimite  structure  of  the  periosteum.  He 

defined  that  membrane  as  including  all  the  soft  tissue  which 

covers  the  surface  of  a  living  bone.  W'hen  a  section  of 
periosteum  was  studied  while  still  attached  to  the  surface  of  a 
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growing  bone,  he  could  observe  a  gradual  transition  of  structure 

from  its  superficial  to  its  deep  surface.  As  its  deepest  stratum 

approached  the  bone,  he  observed  that  it  became  more  cellular 

in  nature,  and  where  it  actually  mingled  with  the  bone,  that 

these  cells  were  clearly  of  the  bone-forming  type — they  were 
osteoblasts.  Osteoblasts,  he  found,  were  present  in  the  deepest 

stratum  of  the  periosteum  ;  its  deepest  layer  formed  an  osteo- 
genetic  tissue.  It  was  true,  he  said,  that  these  osteoblastic  cells 

were  sparsely  scattered  in  the  deepest  stratum  of  the  periosteum 
of  an  adult  animal,  but  he  also  demonstrated  that  they  could 

be  quickly  increased  in  number  by  injuring  and  thus  irritating 
a  bone.  He  had  discovered,  as  Goodsir  had  done,  that  the 

cells  lining  the  c-analiculi  of  bone  rapidly  increased  in  number 
and  in  activity  when  the  parent  shaft  was  injured.  They  were 

roused  to  activity  much  as  bees  in  winter  when  tlieir  hive  is 
tapped. 

So  he  again  resorted  to  his  "  flap  "  experiments.  He  sci'aped 
the  deep  surface  of  such  tongue-shaped  strips  of  periosteum  with 

his  knife,  and  the  soft  juicy  matter  thus  collected  was  trans- 
planted to  a  living  subcutaneous  bed  ;  from  the  matter  tlius 

transplanted  fine  granules  of  bone  were  formed.  He  had  thus 

proved — at  least  he  thought  he  had — that  the  deepest  sti'atum 
of  the  periosteum  had  an  osteogenetic  function.  Raising  the 

tongue-shaped  Haps  from  the  periosteum  of  the  tibia,  he 
destroyed  the  deep  or  osteogenetic  layer  of  one  part  of  it  by 

scraping  or  by  applying  a  cauterising  fluid,  while  in  the 

remaining  area  of  the  Hap  the  deep  layer  was  left  iminjured. 

On  turning  such  a  Haj)  over  a  muscular  bed,  and  leaving  it  in 

that  position  for  a  period,  he  observed  that  only  the  intact  or 

uninjured  area  j)roduced  bone.  That  was,  in  Ollier''s  estima- 
tion, another  proof  that  the  deep  stratum  of  the  periosteum 

produced  bone. 

Then  followed  a  series  of  experim-ents  in  which  he  com- 
pletely detached  Haps  of  periosteum  and  transplanted  them  as 

grafts — heterotopic  grafts,  he  called  such  slips — to  other  parts 
of  the  body,  where  they  held  and  produced  bone.  He  found 

that  the  success  of  such  grafts  depended  on  many  circumstances. 

There  was,  in  the  Hrst  place,  the  occurrence  of  suppuration. 
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Sup{)iuation,  he  found,  could  kill  part  of  a  graft  and  leave 

another  part  unaffected  ;  much  of  Ollier's  work  is  invalidated 
because  he  did  not  know  the  cause  and  effects  of  suppui'ation. 
Grafts  from  young  animals  took  more  readily  than  those  from 

adult  animals.  Those  from  the  shafts  of  long  hones  held 

better  than  those  from  flat  bones.  He  observed  that  periosteal 

grafts  of  rabbits  had  a  greater  power  of  reproduction  than 

those  of  cats.  The  power,  he  found,  varied  w  ith  the  bone  :  a 

periosteal  graft  from  the  nasal  bone  of  the  cat  would  hold, 

while  that  from  the  corresponding  bone  of  the  rabbit  would 
fail.  He  showed  that  the  dura  mater  had  a  greater  osteogenetic 

power,  when  transplanted,  than  the  pericranium.  All  of  these 

results  represent  real  additions  to  our  knowledge  of  bone  life. 

Having  thus  completed  his  researches  on  the  periosteum, 

and  satisfied  himself  that  it  possessed  an  osteogenetic  power  to 

a  hi<rh  deo-ree.  Oilier  turned  his  attention  to  the  marrow.  He 

tied  the  nutrient  artery  to  see  if  the  main  arterial  supj)ly  was 
necessary  for  the  life  and  sustenance  of  the  marrow ;  he  found 

that  ligatiu'e  made  no  apparent  difference  because  marrow 
has  many  subsidiary  sources  of  blood  supply.  He  failed  to 

raise  grafts  of  bone  from  transplanted  marrow,  liut  he  observed 
that  he  could  increase  its  osteogenetic  power  by  irritating  the 

bone  by  injurv.  To  test  its  osteogenetic  power  in  another 

wav,  he  introduced  a  new  kind  of  expeiMinent.  He  ampubited 

the  foot  and  lower  part  of  the  leg  of  a  rabbit,  and  into  the 

medullary  cavitv  of  the  tibia  thus  exposed  he  introduced  an 

open  metallic  tube.  At  the  end  of  a  month  he  found  that  the 

tube  was  filled  with  ossifying  granulation  tissue  ;  that  tissue,  he 

concluded,  was  produced  by  the  marrow,  and  therefore  marrow 

did  possess  an  osteogenetic  power  in  a  low  degree. 

Having  thus  tested  the  powers  of  periosteum  and  marrow 

to  form  bone,  he  now  passed  to  bone  itself  He  found  that 

a  piece  of  bone,  detached  from  periosteinn  and  medulla,  could 

not  serve  as  a  graft ;  it  died,  and  ultimately  was  absorbed. 

Ill  liis  opinion  a  bone-graft  acted  amongst  living  tissues  as  a 

foreign  body.  One  would  be  inclined  to  suppose  that  OlHer's 
experiments  on  the  trans|)lantation  of  bone  fragments  had 

been  vitiated  by  sepsis,  did   lie  not  go  on   to  describe  experi- 
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ments  where  such  grafts  held  when  they  were  transplanted 

with  periosteum  and  marrow  still  attached  to  them.  In  his 

opinion,  pieces  of  living  bone  with  their  periosteum  and 

marrow  still  intact  provided  the  most  perfect  form  of  bone 

graft ;  he  supposed  that  the  periosteum  served  as  an  inter- 
mediary between  the  bone  fragment  and  the  muscle  in  which 

it  had  been  implanted.  Yet  Oilier  knew  that  the  shaft  of 

the  tibia  of  a  young  animal  could  be  completely  denuded  of 

periosteum  and  its  marrow  entirely  removed,  and  yet  live 

and  grow.  The  results  thus  obtained  conlirmed  his  belief 

that  periosteum  was  the  chief  bone-producing  tissue. 
Oilier  made  experimental  fractures ;  the  conclusions  he 

drew  from  them  were:  (1)  The  periosteum  is  the  chi^f  agent 

in  forming  the  callus ;  (2)  The  marrow  takes  a  slight  part ; 

(3)  The  bone  itself  takes  the  least  share.  These  were  almost 

identical  to  the  conclusions  reached  by  Duhamel  and  by 
Flourens. 

He  opened   up  another  new  subject   when  he    began    to 

study  the  effects  of  experiment  on  epiphyseal  lines  of  growth. 

He  observed  that  irritation  of  the  shaft  of  a  bone,  by  injury, 

could  increase  the  rate  of  growth  at  these  lines.    Such  a  result 

tells  one  as  plainly  as  can  be  that  there  is  a  mechanism  in 

every  bone  for  correlating  the  activity  of  its  army  of  living 

cells — bone-laving;   and   blood-carrvins;  cells.      He    discovered 

that   the   epiphyseal   disc   of  cartilage  could  keep  up  a  con- 
tinuous supply  of  material  for  increasing  the  length  of  a  bone 

only  when  it  formed  an  intrinsic  part  of  that  bone.     When 

the  disc  was  cut  out  and  transplanted,  its  growth  failed  ;  it 

became  a  disc  of  bone.     It  was  known  before  011ier''s  time  that 

in  every  long  bone  there  is  an  epiphyseal  disc  of  "  maximum 

growth" — a  disc  at   which   the  major  part  of  the  length  of 
a  sliaft  is  produced.     The  maximal  discs  for  the  femur  and 

tibia  lie  respectively  above  and  below  the  knee-joint,  whereas 
those  for  the  humerus  and  radius  are  placed  at  the  shoulder 

and  at  the  wrist.     Oilier  was  the  first  to  study  experimentally 

the  exact  shares  taken  l)v  the  proximal  and  distal  epiphyses 

in  producing  the  growth  of  a  bone  in  length. 

It  is  unnecessary  here  to  enter  into  three  other  series  of 
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experiments  carried  out  by  Oilier.  He  repeated  Duhamers 

experiments  of  boring  holes  in  the  shafts  of  growing  bones 
and  found,  as  Duhamel  had  done  before  him,  that  there  was 

no  interstitial  growth — that  growth  in  length  took  place 
only  at  the  epiphyseal  lines.  In  another  series  he  repeated, 

and  extended  in  great  variety,  the  kind  of  experiment  carried 

out  by  Syme — excision  of  the  shafts  of  long  bones,  or  parts 
of  a  shaft,  to  discover  the  share  taken  bv  the  periosteum  in 
the  reproduction  of  new  bone.  His  conclusion  was  that  the 

periosteum  was  the  all-important  factor ;  the  surgeon  must 
preserve  it  when  he  performed  a  resection  if  he  would  hope 

for  a  reproduction  of  the  bony  parts  which  it  was  proposed 

to  excise.  Then  there  was  a  third,  and  in  Ollier's  opinion 
the  most  important,  series — those  in  which  he  studied  the 
reproduction  of  joints.  His  main  conclusion  one  could  guess 

— resections  of  joints  must  be  performed  so  that  the  periosteum 
covering  the  excised  parts  was  preserved.  He  found  cartilage 

to  be  the  most  inert,  the  least  endowed  with  the  powers  of 
vitality  and  reproduction,  of  all  the  tissues  of  the  bod  v.  On 

only  one  occasion  did  he  find  a  transplanted  piece  of  epiphyseal 

cartilage  produce  bone  ;  he  never  did  see  articular  cartilage 

reproduced  within  a  grafted  articulation. 

So  far  we  have  been  following  Oilier  as  an  experimental 

physiologist;  we  have  space  merely  to  glance  at  one  of  his 

clinical  cases — the  shoulder-scarred  little  maid  so  beautifully 
portrayed  in  Plate  VIII.  of  Vol.  II.  of  his  treatise.  Her  name 

was  Louise  Gaillard  ;  she  came  under  Ollier's  care  in  September 
1864,  a  meagre  tuberculous  child  of  five,  with  suppuration  of 

the  shoulder  and  arm.  Oilier  removed  the  upper  half  of  the 

diseased  but  living  humerus — head,  neck,  and  shaft — by  his 
subperiosteal  method.  The  bone  was  reproduced  which 
ultimately  became  a  facsimile  of  tiie  one  he  had  excised. 

In  the  following  year,  1865,  Louise  was  able  to  work  in  a 

cigarette  factory,  and  a  year  later,  when  she  was  seven,  the 

restored  humerus  was  only  46  mm.  slioi-ter  than  its  normal 
companion.  Tliis  is  one  of  the  classical  cases  of  resection  of 

the  humerus.  We  have  noted  several  others — Charles  White''s 

case  of  1768,  and  Syme's  case  of  1826,  and  there  is  another, 

17 
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a  resection  of  the  humerus  by  Hunter.  There  is  also  a  fifth 

and  yet  more  famous  ease  which  we  shall  examine  in  a 

subsequent  part  of  this  chapter. 

We  shall  see  presently  that  Oilier  made  a  grave  blunder 

in  the  course  of  his  experiments.  But  when  we  have  made 

that  admission,  we  have  to  recognise  him  as  the  man  who 

established  the  evidence  on  which  the  principles  of  bone 

surgery  must  be  founded.  It  was  he  who  gave  orthopaedic 
surgeons  materials  for  framing  a  rational  charter.  The  total 

result  of  his  ten  years'  investigations  was  to  make  him  a 
confirmed  Duhamelite — a  worshipper  of  periosteum.  We 
take  our  leave  of  Oilier  of  Lyons  with  the  completion  of  his 

great  Treatise  in  1868 ;  he  was  destined  to  see  the  commence- 
ment of  the  twentieth  century  and  his  labours  fully  recognised 

by  a  new  generation  of  surgeons. 
We  are  now  to  return  to  Glasgow.  The  occasion  of  our 

former  visit  to  that  city  was  in  1877,  when  ̂ Villiam  Macewen, 

then  aged  29,  introduced  a  new  operation  for  the  cure  of 

knock-knee.  At  the  same  time  he  was  rectifying  the  bent 

tibife  of  rickety  children  by  the  excision  of  wedge-sha])ed 

pieces.  In  the  following  year,  1878,  a  boy,  tln'ee  years  of 
age,  was  brought  to  him  at  the  Glasgow  Infirmary,  emaciated 

and  exhausted  from  su[)puration  following  acute  osteomvelitis 

of  the  right  humerus.  Almost  the  entire  shaft  of  the  bone 

was  dead  ;  after  resection  had  been  ])erformed,  there  remained 

in  the  boy's  arm  only  the  extremities  of  the  humerus,  the 
lower  being  represented  merely  by  the  epiphysis,  while  the 

upper  was  made  up  of  the  epiphysis  and  a  small  part  of  the 

shaft.  In  1880  the  boy  was  brought  back  by  his  parents  to 

have  his  arm  amputated  ;  it  was  useless,  although  the  muscles 

were  healthy  and  could  act.  No  part  of  the  humeral  shaft 

had  been  reproduced.  Making  a  longitudinal  incision  deep 

into  the  outer  aspect  of  the  arm,  Macewen  planted  along  tiie 

nuiscular  furrow  thus  opened  out  a  row  of  tibial  grafts.  They 

were  pieces  obtained  by  fracturing  wedges  wlijch  had  ])een 

cut  from  the  bent  tibiae  of  various  boys.  Most  of  these  grafts 
were  devoid  of  periosteum,  yet  they  held  and  lived.  As  thus 

reconstructed,   the   boy's   humerus   was   six   inches   in   length. 
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being  made  up  of  three  elements  :  41  in.  (lO'T  cm.)  of  the 
shaft,  composed  of  tibial  grafts;  the  upper  part,  If  in. 

(4'3  cm.),  derived  from  the  original  upper  extremity ;  and 
there  was  also  the  persistent  lower  epiphysis.  In  1910,  when 

the  boy  had  become  a  capable  workman  of  35,  he  had  a 

useful,  well- modelled,  if  curved,  humerus,  which  measured 

11  inches,  being  3  inches  shorter  than  the  normal  bone  o 

the  left  arm.  If  Ollier's  researches  had  revealed  the  ful 
truth,  then  those  Ijroken  tibial  fragments  ought  to  have 

died  and  been  absorbed  ;  and  yet  there  can  be  no  doubt  thev 

had  lived,  and  given  rise  to  a  shaft  which  had  become  con- 
nected with  the  persistent  upper  and  lower  extremities,  and 

thus  become  parts  of  a  functional  humerus.  When  he  sowed 

the  erafts,  Macewen  could  not  have  missed  notino;  anv  ossifica- 

tions  which  had  survived  from  the  old  periosteum.  No  such 

ossifications  were  present.  By  this  operation  Macewen  demon- 
strated, for  the  first  time,  that  fragments  of  bone  may  be 

used  as  grafts,  and  that  such  grafts  will  live,  grow,  and 

reproduce  bone.  Fm-ther,  that  the  bone  reproduced  by  such 
i£rafts  can,  under  tensions  and  stresses  brou<>;ht  to  bear  on 

them  by  the  muscles  of  the  part,  be  moulded  to  form  a  real 

humerus — real  in  an  anatomical  as  well  as  in  a  j)hvsiological 

sense.  Macewen's  case  forms  the  fifth  and  greatest  of  a 
classical  group  of  famous  clinical  humeri. 

At  the  time  when  Macewen  was  employing  bone  grafts 

with  great  success  in  Glasgow,  Olliei'^s  o|)inions  wci'e  in  the 
ascendant  in  the  rest  of  the  world.  ̂ Vt  first  the  si<>:nificance 

of  Macewen''s  discovery  and  practice  was  not  generally  appre- 
ciated, nor  was  it  later.  Hence,  fully  thirty  years  after  he 

liad  begun  to  use  fragments  of  bone  as  grafts,  Macewen,  in 

order  to  force  the  truth  of  his  discovery  on  the  attention  of 

surgeons,  carried  out  a  series  of  operations  on  animals.*  He 

rejjeated  Svine's  experiments;  he  cut  out,  subpci-iosteallv, 

I4  inch  from  a  young  dog's  radius.  At  the  end  of  four 
weeks  there  was  still  a  gap  in  tlie  boiic;  the  periosteum, 

although  it  had  been  carefully  preserved,  had  failed  to  form 

the  missing  part  of  the  shaft.      He  then,  in  another  animal, 

'  The  Growth  of  Bone  ;  Observations  on  Osteogenesis,  Glasg'ow,  191 2. 
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cut  out  the  whole  radius,  leaving  the  periosteum  in  place ; 

the  periosteum  again  failed  to  reproduce  bone.  He  carried 

out  modifications  of  Ollier^s  experiments,  raising  flaps  of 

periosteum  from  a  young  dog's  radius,  folding  it  round 
adjacent  muscles  of  the  foreleg.  Both  of  his  Ollierian  flaps 

of  periosteum  failed  to  produce  bone.  He  transplanted  grafts 

of  periosteum  as  Oilier  had  done,  yet  failed  to  succeed  in 
raisino;  bone  from  them.  At  first  sight  it  almost  looks  as  if 

the  dogs  of  Edinburgh  and  Lyons  were  provided  with  a 

different  kind  of  periosteum  to  that  which  clothed  the  bones 

of  dogs  in  Glasgow — in  such  sharp  contrast  stand  the  results 
gained  by  experimenters  in  these  cities.  Yet  all  three  surgeons 

are  equally  credible  witnesses.  There  is  only  one  explanation 

of  their  discrepant  results ;  Syme  and  Oilier  must  have  re- 
moved the  soft  tissues  which  cover  bone  to  a  greater  depth 

than  did  Macewen.  The  evidence  that  periosteum,  as  usually 

raised  by  surgeons  from  the  surface  of  the  bones  of  a  growing 

animal,  doe.s  produce  bone  is  so  positive,  so  unassailable,  that 

it  cannot  be  rejected  because  a  certain  series  of  experiments 

gave  negative  results. 
In  order  to  study  the  effect  of  periosteum  on  the  growth 

and  life  of  a  bone,  Macewen  removed  this  mendjrane  from  the 

radius  of  a  young  dog.  He  found,  as  OlHer  had  done,  that  the 

bone  lived  and  that  its  growth  was  slightly  retarded.  The 
shaft  lost  its  smooth  contour.  On  such  denuded  bone  lie 

applied  modifications  of  Duhamers  ring  experiment ;  the  rings 
of  silver  wire  with  which  he  encircled  the  bone  became  em- 

bedded in  the  shaft  although  the  periosteum  had  been  cut 

away.  It  was  clear,  from  these  experiments,  that  new  bone 

could  l)e  formed  on  the  surface  of  a  shaft — the  shaft  could 

continue  to  grow  in  thickness  after  the  periosteum  was  cut 
away. 

Sir  William  Macewen  carried  out  a  series  of  experiments 

of  a  new  kind  to  substantiate  his  clinical  observations — namelv, 

that  bone  itself  could  be  grafted,  and  that  the  graft  could  pro- 
duce new  bone,  independently  of  periosteum.  He  took  two 

dogs,  cut  an  inch  out  of  a  radius  of  each,  removed  the  perios- 
teum from  the  pieces  excised,  and    broke  each  of  these  into 
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fragments.  He  reiniplanted  the  pieces  so  that  the  two  dogs 

exchanged  their  radial  fragments.  The  grafts  held,  and  com- 
plete restoration  of  the  radial  shafts  resulted.  He  took  two 

other  dogs,  and  exchanged  the  right  radius  of  the  one  for  the 

corresponding  bone  of  the  other.  In  each  case  the  radius  was 

stripped  of  its  periosteum  ;  jet  the  transposed  bones  lived,  and 

became  thicker  than  their  untransplanted  counterparts.  He 

found  that  bone  shavings,  but  not  bone  dust,  served  well  as 

grafts  ;  the  greater  the  superficies  of  a  fragment,  the  better  he 
found  it  to  serve  as  a  o;raft.  The  2;reater  the  surface  of  the 

graft,  the  greater  the  area  for  nourishment  and  reproduction. 

Macewen  demonstrated  the  practical  importance  of  his  dis- 
coveries bv  sowinfj  framiients  of  livini;  bone  in  deficiencies  in 

the  cranial  vault.  There  the  grafts  held  and  filled  up  the 
cranial  breach. 

One  cannot  but  admire  Maceweirs  resource  in  devising 

experiments.  We  have  seen  that  Oilier  inserted  metallic  tubes 

within  the  medullary  cavity  to  test  the  power  of  marrow  to 

reproduce  bone.  Macewen  used  glass  tubes,  not  to  test  the 

growth  of  marrow,  but  to  exclude  the  periosteum  from  taking 

any  part  in  filling  up  the  gap  left  in  a  bone  when  a  piece  of  its 
shaft  had  been  excised.  Havinij  cut  out  a  sei<;ment,  he  inserted 

in  its  place  an  open  glass  tube,  so  that  the  open  ends  of  the 

tube  faced  the  cut  ends  of  the  shaft.  1'he  tube  became  filled 
from  the  shaft  with  t<:rowini£  tissue  which  ossified.  The  new 
bone  thus  formed  within  the  tube  nuist  have  come  from  the 

shaft ;  it  could  not  have  come  from  the  periosteum  which  was 

excluded  by  the  wall  of  the  tube.  He  conceived  it  possible 

that  an  absorbable  ferrule  placed  round  the  adjacent  ends  of  a 

broken  bone  might  acclerate  union  by  serving  to  confine  the 

reparative  bone-forming  mass  formed  by  the  cut  ends  of  the 
shaft.  Such  a  tube  took  the  place  of  the  periosteum,  which 

Macewen  regarded  as  a  "'limiting"  membrane. 
We  do  not  suppose  that  the  briefly -narrated  researches  of 

John  Goodsir  to  which  we  liave  alluded  in  a  former  chapter, 

were  known  to  Sir  \N'illiam  Macewen  when  he  carried  out  these 

experiments;  yet  his  definition  of  the  f'uiKtioii  of  the  perios- 
teum, as  a  membrane  to  limit  the  excursions  of  the  osteoblast 
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and  to  prevent  bone-building  cells  from  invading  surrounding 

tissues,  is  an  exact  replica  of  John  Goodsir's  conception.     The 
observations  which  Goodsir  made  in  the  dissecting  room  and 

his  laboratory  during  the  fifth  decade  of  the  nineteenth  century 

led    him  to  formulate  exactly  the  same    conception    of  bone 

growth  as  Macewen  arrived  at  seventy  years  later  from  a  life 

of  active    clinical   and   experimental    observation.     Macewen, 

however,  has  much  better  evidence  of  the  limiting  function  of 

the  periosteum  to  lay  before  us  than  had  Goodsir.     He  cites 
the  evidence  from  a  case  where  osteoblasts  had  been  carried  by 

the  blood  within  an  aneurysmal    sac  where  they  had  set  up 
ossification  within  its  fibrinous  walls ;  he  describes  cases  where 

the  exudate  escaping  from  between  the  fractured  ends  of  a 

femoral   shaft   had    been    disseminated   by    massage   into    the 

surrounding  ruptured  muscles,  where  it  formed  a  mass  of  ossific 

tissue ;  he  cites  instances  of  fractures  where  the  periosteum  has 

been  much  torn,  thus  permitting  osteoblasts  to  escape  into  the 

surrounding  tissues  and  form  bone.      He  alludes  to  cases  where 

the  periosteum  has  fallen  between  the  broken  ends  of  l)ones 

and    prevented  union.     In  such    cases  he   supposed  that    the 

periosteum  served  as  a  barrier,  as  a  limiting  mend)rane,  be- 
tween   armies   of  osteoblasts    which    advanced    to    repair   the 

fracture.     Macewen  thus  gives  a  logical  explanation  of  Hunter's 
observation  that  the  periosteum  or  tissues  which  surround  a 

broken  or  diseased  bone  may  take  on  an  "  ossific  disposition." 

There  is  another  series  of  Macewen's  experiments  to  which 
we  nuist  allude  before  we  leave  his  work.  We  have  seen  that 

Oilier  studied  tiie  epiphyseal  discs  of  growtli.  Macewen 

rightly  protests  that  such  discs  have  nothing  to  do  with 

epiphyses;  the  ej)i[)hvsis  has  its  own  j)eculiar  independent 

nature.  Tiie  growtli  disc  is  part  ot  the  shaft — of  the  diaphysis 

— and  therefore  ought  to  be  called  the  diaphyseal  disc,  or 

?>haft-disc.  It  is  solely  concerned,  as  he  has  demonstrated, 

with  the  m-owth  of  the  shaft.  He  removed  the  shaft  of  the 

radius  from  a  young  dog,  leaving  merely  the  epiphyses  and 

diaphyseal  discs.  In  six  weeks  the  siiaft  was  re[)roduced,  not 

from  the  ])eriosteum,  but  from  the  diaphyseal  discs.  The 

point  of  meeting  between  the  parts  of  the  shaft  produced  from 
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the  proximal  and  distal  discs  could  still  be  seen  in  the  restored 

radius.  To  make  certain  that  his  interpretation  was  right,  he 

removed  2i  inches  from  the  shaft  of  a  s>;ro\vin<£  doi>'''s  radius 
and  covered  each  cut  end  with  a  metal  cap.  In  seven  weeks 

the  caps  had  met,  pushed  together  by  the  increase  at  the 

diaphyseal  lines.  He  removed  the  distal  third  of  the  shaft  of 

a  radius,  including  the  epiphysis  ;  he  found,  as  Oilier  had  done, 

that  the  part  excised  was  reproduced,  the  new  distal  part  of 

the  radius  being  provided  with  an  epiphysis,  but  there  was 
some  dei>ree  of  sliortenin<!;.  Oilier  believed  that  in  such  cases 

reproduction  was  ejected  from  the  periosteum  ;  JVIacewen  has 

demonstrated  that  there  is  a  downward  growth  of  the  shaft 

itself,  which  replaces  the  part  excised.  The  idea  that  com- 
pensatory growth  at  the  diaphyseal  discs  may  be  utilised  by 

surgeons  to  make  good  an  extensive  gap  in  the  shaft  of  a  bone 
is  a  discovery  we  owe  to  Mace  wen. 

Macewen's  work  brings  us  down  to  the  position  of  our 
knowledge  regarding  the  growth  and  reproduction  of  bone  at 

the  present  day.  ̂ ^'e  have  seen  Duhamelites  and  Ilallerites 
come  into  existence  in  the  eigliteenth  century;  we  have 

seen  them  in  the  j)ersons  of  Syme  and  Goodsir  in  the 

nineteenth  century  ;  and  here  we  are  in  the  twentieth  century 

still  with  the  same  two  sects — those  who  regard  periosteum  as 
the  chief  osteogenetic  element  of  the  human  skeleton,  and 
those  wlio  regard  bone  itself  as  that  element.  Where  is  tlie 

truth  t  As  in  most  cases  of  this  kind,  there  is  truth  on  both 

sides,  but  the  greater  share  is  on  Macewen's.  My  interpreta- 
tion of  his  work  is  this.  Orthop.edic  surgeons  lay  it  down  as 

a  basal  principle  tiiat  a  deformity,  to  be  remedied,  has  first  to 

be  over-corrected.  To  remove  an  error  one  lias  to  exaggerate 

the  truth,  and  to  compel  surgeons  to  listen  to  the  truth  about 
bone  its  virtues  Imd  to  be  enhanced.  That  is  what  I  think 

Macewen  has  done.  His  has  been  a  great  practical  service  ; 

he  has  given  bone  its  i-ightful  place  among  the  living  tissues  of 
the  body — a  tissue  which  has  the  power  to  reproduce  itself. 
But  in  raising  Ijone  to  its  proper  biological  and  surgical  status, 

he  has  been  less  than  just  to  periosteum.  Periosteum  can 

reproduce   bone,   for    no   one    lias    yet   made   a   microscopical 
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examination  of  the  periosteum  of  growing  or  of  inHamed  bone 
and  failed  to  find  in  it  those  very  elements  which  Macewen 
admits  to  be  the  creators  of  bone-osteoblasts.  From  an 

anatomical,  and  I  think  also  from  a  surgical,  point  of  view, 
the  osteogenetic  power  of  the  deepest  stratum  of  the  periosteum 
cannot  be  denied. 



CHAPTER   XVII 

THE   INTRODUCTION    OF   THE    MODERN 

PRACTICE   OF   BONE   GRAFTING 

In  this  chapter  a  brief  account  is  given  of  Hunter's  experiments  in 
j^rafting-  of  animal  tissues.  A  rt^sumt^  is  given  of  the  researches  by  Oilier 
of  Lyons,  and  of  the  modern  use  of  bone  grafts  to  serve  as  a  means  of 
uniting  the  fractured  ends  of  broken  bones. 

'"T^HE  history  of  luinian  invention  is  ever  the  same:  we  find 
1  that  the  path  which  led  to  final  success  is  always  strewn 

with  the  wreckasre  of  efforts  which  failed.  We  often  wonder 

wliy  these  efforts  failed  ;  looking  back,  with  the  knowledge  of 

the  present,  we  can  see  they  often  had  in  them  all  the  elements  of 

success,  and  yet  they  failed.  Why  did  John  Hunter  not  succeed 

in  giving  the  practice  of  grafting,  which  has  at  last  gained  the 

recognition  of  surgeons,  a  permanent  place  in  siu'gery  ?  He 

had  come  as  near  as  any  man  has  yet  attained  to  an  imder- 
standino;  of  the  nature  of  living  matter  and  of  tlie  conditions 

which  aie  necessary  for  the  successful  implantation  of  a  living 
o;raft  amidst  li\ino:  tissues.  We  see  he  failed  because  of 

sepsis  ;  sepsis  ruined  the  brilliant  progrannne  he  had  conceived. 
If  Pasteur  and  Lister  had  been  born  before  him  he  woidd  have 

succeeded  and  been  saved  quests  which  he  pursued  in  vain. 

Many  of  Hunter's  projects  failed  because  they  appeared  before 
the  times  were  ripe  for  their  reception. 

In  a  former  chapter  we  have  seen  how  Oilier  of  Lyons,  in 

1858,  sixty-five  years  after  Ilimter  was  dead,  and  when  his 

grafting  experiments  had  passed  out  of  mind,  connnenced  a 

systematic  series  of  attempts  to  transplant  periosteal  grafts. 

He    succeeded    and    yet    he  failed ;    his    experiments    did  not 

265 
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induce  surgeons  to  employ  periosteal  grafts  to  remedy  defects 
.  in  bone.  His  work  fell  dead  from  liis  laboratory  on  account 

of  two  reasons  :  (1)  Because  of  sepsis  ;  (il)  because  he  did  not 

realise  that  certain  conditions  are  necessary  to  stimulate  bone- 
forming  cells  into  activity.  Bone  and  muscle  cells  are  alike  in 

this  :  their  growth  is  dependent  on  action  ;  they  thrive  only  so 

long  as  they  have  to  work.  Oilier  wondered  why  the  frag- 
ments of  bone  which  he  had  succeeded  in  raising  from  slips  of 

periosteum  planted  beneath  the  scalp  or  amongst  muscles, 

ceased  to  grow  and  tended  to  disappear.  These  bony  grafts 

withered  because  they  were  not  subjected  to  the  strains  and 

stresses  which  rouse  the  activity  of  osteoblasts.  To  use  a 

Hunterian  phrase,  they  were  "  conscious  of  imperfection  "  and 
hence  became  absorbed. 

The  modern  practice  of  bone  grafting  was  invented  by 

Macewen  in  the  Infirmary  of  Glasgow  in  1880.  The  conditions 

which  determined  his  success  were  these:  (1)  He  operated  in 

the  building  where,  fourteen  years  previously.  Lister  had  shown 

how  sepsis  could  be  con(juered.  (2)  He  held  the  opinion  that 

bone  was,  as  Hunter  and  as  Goodsir  had  thought,  a  living- 
tissue  which  possessed  the  power  of  surviving,  reproducing 

itself,  and  of  thus  being  able  to  serve  as  a  graft.  (3)  By  a 

fortunate  chance  he  planted  his  tibial  grafts  in  a  situation 

where  they  soon  became  subjected  to  nniscular  stresses  and 

strains.  In  a  short  time  bony  fray-ments  irathercd  from  the 
legs  of  six  boys  became  intrinsic  parts  of  the  humerus  of  a 

seventh  ;  from  the  moment  of  primary  union  the  bone  cells  of  the 

grafts  were  brought  luider  the  stimulating  impulses  of  the  biceps 
and  triceps.  Osteoblasts  are  the  obedient  slaves  of  muscles; 
nuiscular  dominance  is  their  breath  of  life.  The  reconstruction 

of  that  boy's  right  humerus  in  Glasgow  InHnnar\  in  ISSO  is 
the  first  paragraph  of  a  new  chapter  in  the  history  of  surgery. 

The  paragraph  could  not  Imve  been  written  earlier,  because  the 

necessary  data  were  not  in  existence  for  its  composition. 

The  impulse,  however,  which  has  given  bone  grafting  its 

present  extended  use  in  orthop;edic  surgery  came  not  from  Sir 

William  Macewen's  initial  success,  but  from  another  operation 
altogether.     I   have   described    in  a  former  chapter  the  con- 
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ditions  which  induced  Arbuthnot  Lane  to  introduce  oj)erative 

means  for  the  treatment  of  fractures — particularly  for  those  of 

the  leg.  He  really  introduced  a  new  principle — the  principle 
of  internal  splints.  Until  April  1894  surgeons  sought  to 

maintain  apposition  and  innnobilisation  of  fragments  by  means 

of  external  splints.  Arbuthnot  Lane  conceived  the  idea  of 

internal  splints.  His  internal  splints  were  metallic.  We  shall 

see  that  modern  American  surgeons  have  substituted  for 

Lane's  screws  and  plates,  live  bone  grafts  to  serve  as  internal 
splints. 

When  I  now  turn  backwards  to  examine  the  experiments 

carried  out  by  Hunter  on  grafting,  it  is  not  to  extol  his 

knowledge  or  his  prescience  :  that  would  be  a  fruitless  task. 

My  object  is  much  more  utilitarian ;  it  is  simply  to  bring 

before  you  certain  neglected  observations  of  his,  which  arc  of 

service  in  surgery,  not  only  at  the  pi'esent  time,  but  for  all 
time.  In  the  strict  sense  of  the  term  Hunter  never  did  graft 
bone.  It  is  true  he  watched  those  wonderful  masses  of  bone 

which  Nature  grafts  and  rears  each  summer  on  the  heads  of 

deer — studied  their  growth,  decay,  and  death.  Hunter's  know- 
ledge of  bone  grafting  is  founded  on  his  experience  of  tooth 

and  of  spur  transplantation.  He  rightly  regarded  dentine 

as  a  modified  form  of  bone.  The  root  of  a  tooth  is  covered  by 

bone ;  it  is  secured  to  its  socket  by  periosteum  ;  the  conditions 

of  successful  tooth  transplantation  are  those  which  regulate 

success  in  bone  tri'^-ftinir.  We  therefore  turn  for  a  moment  to 

Hunter's  experience  in  this  department  of  surgery. 
Let  me  first  (|uote  a  case  from  his  j)ractice.  "  A  gentleman 

had  his  first  bicuspis  knocked  out  and  the  second  loosened. 

The  first  was  driven  (|uite  into  his  mouth,  and  he  spat  it  out 

upon  the  ground,  but  immediately  picked  it  up  and  |)ut  it  in 

his  pocket.  Some  hours  afterwards  he  called  upon  inc.  men- 
tioned the  accident,  and  showed  me  the  tooth.  It  was  not 

quite  dry,  but  verv  dirty,  having  dropped  on  the  ground  and 

having  been  some  time  in  his  pocket.  I  immediately  put  it 
into  warm  water,  let  it  stay  there  to  soften,  washed  it  as  clean 

as  possible,  and  then  replaced  it,  first  having  introduced  a 

probe  into  the  socket  to   break  down  the    coagulated    blood 
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which  filled  it.  I  then  tied  these  two  teeth  (the  detached  first 

and  the  second  loose,  premolar)  to  the  first  grinder  and  to  the 

canine  with  silk,  which  was  kept  on  for  some  days  and  then 

removed.  After  a  month  they  were  fast  as  any  teeth  in  his 

head."  Hunter  replaced  that  tooth  because  he  knew  it  was 
still  alive ;  he  knew  it  could  be  kept  alive  for  at  least  twenty- 
four  hours  outside  the  body.  The  success  of  the  operation  of 

transplantation,  he  writes,  "  is  founded  on  a  disposition  in  all 
living;  substances  to  unite  when  brought  into  contact  with  one 

another."  ̂   He  discovered  that  dead  teeth  could  be  implanted; 
in  some  cases  they  held,  even  cleared  up  so  as  "  to  take  on  the 

appearance  of  living  teeth  " ;  but  in  most  cases  they  did  not 
hold,  or  if  they  held,  their  roots  became  eroded  and  absorbed, 

and  such  grafts  dropped  out. 

Let  us  look  for  a  moment  at  the  criteria  applied  by  Hunter 

to  measure  the  vitality  of  a  part.  He  regarded  enamel  as  a 

dead  substance  (1)  because  it  had  no  power  of  repair ;  (2)  it 

contained  so  slight  an  amount  of  animal  matter;  (3)  because 

madder,  when  circulating  in  the  blood,  never  stained  the 

enamel  of  teeth.  The  dentine,  or,  as  he  called  it,  the  "  bony 

matter"  of  a  tooth,  although  it  possessed  no  blood  vessels  and 
thus  lay  outside  the  blood  circulation,  had  "  most  certainly  a 

living  principle."  His  belief  was  founded  on  the  following 
observations :  (1)  That  dentine  could  react ;  as  the  crown 

wore  down,  new  dentine  was  deposited  on  the  roof  of  the 

pulp  cavity.  (^)  It  contained  a  larger  percentage  of  "  animal 

matter."  (3)  If  a  growing  animal  were  fed  on  madder,  the 
dentine,  then  being  formed,  combined  with  the  madder  circu- 

lating in  the  blood  ;  dead  bone  did  not  become  stained.  He 

inferred  that  the  vitality — or,  to  use  our  modern  terminology, 
the  metabolism — of  dentine  was  low,  because  the  red  stain  was 
permanent.  In  bone  the  stain  was  not  permanent ;  in  time 

the  madder-coloured  parts  were  absorbed.  AVe  see  then  that 

Hunter  had  realised  that  a  part  could  live  outside  the  circula- 
tion ;  it  could  live  when  nourished  only  by  the  Ivmph  which 

exuded  from  the  l)lood  vessels.  Having  reached  that  belief 

early   in   his  career,  it   was  easy  for  him  at   a  later  stage  to 

'  Collected  Works,  vol.  ii.  p.  lOi. 
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realise  that  a  graft  of  any  kind,  when  transplanted,  could 

maintain  life  from  the  juices  of  the  part  long  enough  to  await 

the  period  of  vascularisation.  Hunter,  it  must  be  remembered, 

had  proved  that  the  umbilical  arteiT  was  still  alive  three  days 

after  the  placenta  had  been  shed.^ 
He  lavs  down  the  conditions  for  successful  transplantation. 

The  first  is  that  the  tooth-socket  must  be  fresh,  healthy,  and, 
above  all,  free  from  disease.  Grafts  from  voung  animals,  or 

from  those  low  in  the  scale  of  life,  were  more  vigorous  than 
those  taken  from  adult  animals  or  from  those  high  in  the 

scale.  "  For  the  living  principle  in  young  animals  and  those 
of  simple  construction  .  .  .  continues  longer  in  a  part  separated 

from  their  bodies,  and  even  would  appear  to  be  generated  in 

it  for  some  time,  w-hile  a  part  separated  from  an  older  or  more 

perfect  animal  dies  sooner."  The  operation  of  transplantation 

had  to  be  done  "in  such  a  way  that  she  (Nature)  can  assist." 
I  will  not  stop  now  to  describe  the  museum  preparation  which 

shows  a  human  tooth  engrafted  when  it  was  alive  in  the  comb 
of  a  cock.  There  is  a  vascular  union  between  the  comb  and 

the  tooth,  but  there  is  no  proof  that  the  tooth  actually  lived 

in  its  new  situation,  although  Hunter  believed  it  to  have  lived. 

I  want  to  pass  on  to  his  spur  transplantations.  A  sj)ur,  as 

you  know,  has  a  core  of  solid  bone — an  outgrowth  from  the 
tarso-metatarsus  of  the  fowPs  leg.  Experiments  on  spurs  are 

experiments  on  bone.  Himter  wished  to  discover  if  one  sex 

was  superior  to  the  other  in  reparative  power : 

"  I  took  the  spur  from  the  leg  of  a  young  cock,  and  placed 
it  in  the  situation  of  the  spur  in  the  leg  of  a  hen  chicken  ;  it 

took  root ;  the  chicken  grew  to  a  hen,  but  at  first  no  spur 

grew.  This  experiment  I  repeated  several  times  in  the  same 
summer,  with  the  same  effects,  which  led  me  to  conceive  that 

the  spur  of  a  cock  would  not  grow  on  a  hen,  and  they  were, 
therefore,  to  l)e  considered  as  having  distinct  powers.  In 

order  to  ascertain  this,  I  took  the  spurs  of  hen  chickens  and 

placed  them  on  the  legs  of  yoinig  cocks.  I  found  tliat  those 

which  took  loot  grew  nearly  as  fast  and  to  as  large  a  size  as 

the  natural  spur  on  the  other  leg."     How  oljtuse  John  Hunter 
'  Collected  Works,  vol.  iii.  p.  159. 
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can  be  at  times.  He  knew  that  the  testes  could  by  a  "  species 

of  sympathy  "  completely  alter  the  form  of  an  animal's  body, 
and  yet  when  he  came  to  draw  the  lesson  which  those  classical 

experiments  of  his  have  to  teach  us,  he  lamely  says :  ''  The 
spurs  of  a  cock  were  found  to  possess  powers  beyond  those  of 

a  hen,  while  at  the  same  time  the  one  animal  as  a  whole  has 

more  power  than  the  other ;  yet  when  I  apply  these  principles 

to  the  powei-  of  cure  of  local  diseases  of  the  two  sexes  in  the 

human  race,  I  can  hardly  say  I  have  observed  any  difference."  ̂  
Those  who  have  noted  the  results  obtained  by  Hunter  in  tlie 

transplantation  of  spurs,  and  have  marked  the  changes  which 

occur  in  acromegaly,  see  in  them  the  effects  produced  by  sub- 
stances which  are  set  free  by  the  testicle  and  by  the  pituitary 

body.  There  are  substances  or  hormones  which  can  sensitise 

— can  activate  bone,  and  could  therefore,  if  our  knowledge 

were  more  complete,  be  brought  to  bear  on  bone  grafts.  In 

reality  those  spur  experiments  of  Hunter  are  amongst  the 
most  instructive  in  the  whole  range  of  the  literature  on  bone 
grafting. 

Hunter''s  researches  take  us  back  to  the  eighteenth  century; 
we  are  now  to  glance  at  the  practice  of  bone  grafting  as  it  is 

being  carried  out  by  surgeons  in  America  in  this  the  second 
decade  of  the  twentieth  century.  We  shall  commence  with 

a  neatly  conceived  series  of  experiiiients  carried  out  by  Dr. 

W.  E.  Gallic  of  Toronto  in  1914.-  He  reflected  the  periosteum 
from  a  small  segment  of  the  outer  border  of  the  radius  of  a 

dog;  with  a  saw  he  separated  a  small  wedge  of  the  bone; 

having  separated  the  wedge,  he  innnediately  replaced  it  in 
the  shaft  and  stitched  the  periosteum  over  it.  He  performed 

this  operation  on  three  dogs,  killing  them,  so  as  to  obtain  bone 

grafts  at  three  stages  of  implantation — at  the  end  of  the  first, 
the  second,  and  the  third  weeks.  The  result  of  examining 

these  grafts  was  to  lead  him  to  the  conclusion,  as  similar  ex- 

peiiments  had  led  many  men  before  him,  that  a  bone  graft 

dies  and  merely  serves  as  a  scaffolding,  which  is  invaded  by 

the    neighbouring   living    bone.     He    performed    three    other 

*  Collected  Works,  vol.  iii.  p.  274. 

-Journ.  Aitier.  Orthop.  Surg.,  1914,  vol.  xii.  p.  201. 
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modified  wedge  experiments.  In  one  he  boiled  and  killed  the 

wedge  graft  before  replacing  it ;  in  another  he  replaced  the 

wedge  taken  from  a  dog''s  radius  by  one  taken  from  a  cafs ; 
in  a  thii'd  he  surrounded  one  side  of  the  cut  surfaces  of  the 
wedge  graft  with  tinfoil.  The  results  yielded  by  the  second 

series  of  experiments  confirmed  the  conclusion  he  drew  from  the 

first  series,  namely,  that  a  bone  graft  merely  supplies  a  ftivour- 
able  nidus  for  the  invasion  of  the  host  bone.  We  could  cite 

numerous  references  to  experiments  which  have  led  their 
authors  to  similar  conclusions. 

Yet,  conclusive  as  such  experiments  seem  to  be,  there  lies 

somewhere  in  them  a  fixllacy.  They  are  at  the  best  negative 

experiments,  yielding  negative  evidence.  If  Macewen's  tibial 
fjrafts  had  merelv  served  as  scaffbldinii;  for  the  livinir  bone  of 

the  distant  extremities  of  that  Glasgow  bovV  humerus,  could 

the  shaft  of  the  bone  have  been  reproduced  in  the  short  time 

which  was  taken .''  Albee  has  published  excellent  radiograms 
of  a  fibula,  which  was  accidentallv  fractured  soon  after  beinir 

transplanted  to  replace  a  necrosed  tibia.  Tiie  fracture  occurred 

near  the  middle  of  the  shaft,  far  distant  from  the  implanted 
extremity  at  which  an  invasion  of  tibial  osteoblasts  would 

take  place.  At  the  site  of  the  fracture  a  healing  process 

immediately  set  in  ;  a  callus  was  formed  by  the  graft,  which 

we  therefore  must  suppose  to  have  lived  through  its  whole 

extent.  We  have  other  proofs  in  the  behaviour  of  trans- 

planted fibuhc ;  their  ap[)earance,  as  revealed  by  X-rays, 
although  they  show  thickening  to  occur  first  at  the  implanted 

extremities,  supports  the  idea  that  grafts  can  retain  living 

osteoblasts  in  their  whole  extent :  fi"om  wliat  we  know  of  the 

anatomy  and  physiology  of  bone,  we  should  marvel  if  its  cells, 

when  suitably  transplanted,  should  ftiil  to  live  and  grow.  The 

evidence  as  it  now  stands  leads  one  to  suppose  that  in  every 

fragment  of  bone  successfully  grafted,  at  least  one  colony  of 

osteoblasts  remains  alive  to  serve  as  a  centre  of  regeneration. 

In   1911,   Dr.   Fred.   II.    Albee,i   Professor  of   Orthopaulic 
Surgery  in  New  York  Post-Graduate  Medical  School,  initiated 

a  new   practice  —  that    of   em{)loying    living    bone   grafts    as 

'  Bo7ie  Graft  Surgery,  New  York,  1915. 



2/2  MENDERS  OF  THE  MAIMED 

internal  splints.  To  fashion  splint  grafts  of  the  exact  shape 

and  size  needed  for  such  operations,  and  to  obtain  them  with 

a  minimum  of  labour,  he  introduced  from  the  cabinetmaker'-s 
workshop  to  the  operating  theatre  motor-driven  cutting 
machines  of  the  latest  design  ;  with  a  twin  circular  saw  he 

found  it  possible  to  cut  from  the  shaft  of  a  tibia  miniature 

planks  of  living  bone,  contriving  his  sections  so  as  to  have 

periosteum  on  one  side  and  a  layer  of  medullary  lining 
on  the  other.  The  first  use  he  made  of  such  grafts  was 

to  innnobilise  the  damaged  region  of  the  spine  in  cases  of 

Pott's  disease.  At  the  site  of  an  incipient  kyphosis  he  ex- 
posed the  spinous  processes,  split  them,  and  laid  the  tibial 

graft  along  their  forked  processes.  Such  grafts  held  and 

immobilised  the  vertebra^  of  the  diseased  region.  He  applied 

the  same  practice  to  the  ti'eatment  of  fractures  of  long  bones. 
He  introduced  all  the  devices  of  an  expert  carpenter — inlay- 

ing, wedging,  dovetailing,  dowelling,  and  tonguing — to  secure 

a  perfect  co-aptation  of  graft  to  the  host  fragments.  The 
graft  was  made  to  fit  exactly  the  inlay  bed  prepared  for  it, 

and  was  bound  in  place  by  tendon.  Having  to  serve  as 

splints,  such  grafts  were  given  considerable  length,  so  that 

they  might  take  an  extensive  grip  of  the  fragments.  Albee 

regards  such  inset  grafts  as  stimulating  bone  production  at 

the  site  of  fracture.  With  Hey  Groves,  he  believes  live  grafts 

are  much  less  likely  to  set  up  infective  processes  than  metallic 

plates  and  screws.  To  prevent  movement  and  strain  between 

the  graft  and  host  fragments,  the  broken  limb  is  retained  in 

a  splint  until  union  of  the  fracture  is  well  secured. 

Albee  has  applied  bone-grafting  operations  to  fractures 
and  deformities  of  all  parts  of  the  body.  He  employs  an 

inlaid  bone  graft  to  fix  together  the  upper  and  lower  frag- 

ments of  a  broken  knee-cap.  He  seeks  to  correct  the  deformity 

of  club-foot  by  transplanting  a  wedge  taken  from  the  cuboid 
on  the  outer  side  and  set  within  an  incision  made  into  the 

scaphoid  on  tlie  iinier  side.  The  employment  of  bone  grafts 
in  the  treatment  of  fractures  and  of  deformities  is  now  in  an 

experimental  stage  ;  its  permanent  position  in  surgery  has  still 
to  be  determined. 
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By  far  the  most  instructive  exanij)les  of  bone  transplanta- 
tion are  those  in  which  the  fibula  has  been  used  to  replace  the 

necrosed  shaft  of  the  tibia.  The  particular  case  I  am  to  call 

your  attention  to  is  the  fii'st  on  which  Mr.  C.  J.  Bond  of 
Leicester  operated  (May  1905),  and  represents,  therefore,  the 

first  publication  of  an  operation  of  this  kind.^  In  Jaiiuai'y 
1903  Professor  Huntingdon  of  the  University  of  California  had 
carried  out  the  first  successful  substitution  of  fibula  for  tibia, 

publishing  an  account  of  it  in  1905.-  The  same  j)roblem  had 
presented  itself  to  two  men  situated  on  opposite  sides  of  the 

earth,  and  both  had  adopted  the  same  method  of  solving  it. 

Mr.  Bond's  first  case  was  a  girl,  aged  5,  in  whom  the  whole 
shaft  of  the  right  tibia  had  been  destroyed  by  osteomyelitis 

eleven  months  previous  to  the  date  of  operation.  Skiagrams 

show  that  the  upper  tibial  epiphysis,  although  it  had  persisted, 

had  not  quite  escaped  the  effects  of  disease.  The  lower 

epiphysis  remained — apparently  healthy.  In  his  first  operation 
(May  1905),  Mr.  Bond  divided  the  neck  of  the  right  fibula, 

and  lixed  the  upper  end  of  the  shaft  into  the  epiphysis  of  the 
tibia.  The  lower  end  of  the  fibula  could  not  then  be  trans- 

ferred to  the  tibial  epiphysis,  as  there  was  still  present  in  it  a 

small  area  of  diseased  bone.  'J\vo  years  later,  in  1907,  it  had 
so  far  recovered  that  Mi\  Bond  was  able  to  separate  the  shaft 

from  the  external  malleolus  and  im[)lant  it  in  the  adjoining 

tibial  epiphysis.  The  shaft  of  the  fibula  now  occupied  a 

position  between  the  u[)per  and  lower  tibial  epiphyses.  A 

skiagram  taken  in  1909,  four  years  after  the  upper  end  of  the 

fibula  had  been  transplanted  and  two  years  after  the  shifting 
of  the  lower  end,  shows  tiiat  the  graft  had  assumed  the  shape 

and  thickness  of  the  tibia  of  tlie  left  or  hcaltliy  leg,  but  was 

mucli  shortei-  than  the  normal  bone.  That  shortening  is 

clearly  due  to  a  defect  in  the  upper  diaphyseal  growtli  disc ; 

although  the  upj^er  end  of  the  fibular  graft  has  widened  and 
formed  a  connection  with  the  whole  width  of  the  old  tibial 

epiphysis,   there  is  no   trace   of  the  clear   line   which   should 

^ "  On    the    Late    Results   of  Three    Cases  of  Transplantation  of  the 

Fibula,"  Brit.Journ.  of  Surg.,  1914,  vol.  i.  p.  610. 
^  Ann .  of  Surg. ,  1905,  vol.  li.  p.  249. 
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mark  the  site  of  the  growth  disc  of  the  new  shaft.  Mr.  Bond 

noted  that  the  thickening — the  "  tibialisation  "" — of  the  new 
shaft  began  at  the  extremities  implanted  in  the  epiphyseal 

ends  of  the  old  tibia.  He  suspects  that  there  was  an  invasion 
of  the  extremities  of  the  new  shaft  by  swarms  of  osteoblasts 

derived  from  the  tibial  epiphyses.  However  that  may  be,  the 
remarkable  fact  remains  that  in  the  course  of  less  than  four 

years  the  slender  and  peculiar  shaft  of  the  fibula  was,  when 

placed  between  the  stresses  which  fall  on  the  knee  and  ankle 

joints,  transformed  into  a  tibia.  At  the  age  of  13  the  girl 

could  walk  and  run  and  "  showed  no  noticeable  limp.''"' 
In  1908  Mr.  Bond  performed  a  similar  operation  on  a  boy 

of  11  (see  Fig.  6).  The  lower  tibial  epiphysis  was  so  porous 

that  the  lower  end  of  the  transplanted  fibula  worked  its  way 

almost  into  the  ankle-joint.  Five  years  later,  when  the  boy 
was  16  and  able  to  walk  three  miles  to  school,  a  skiagram  of 
the  new  tibia  showed  that  a  less  successful  result  had  been 

obtained  than  in  the  first  case.  The  proximal  part  of  the 

new  shaft  exhibited  the  greatest  growth  response,  yet  at  its 
upper  end  it  had  not  effected  a  union  with  more  than  half  the 

width  of  the  old  tibial  epiphysis.  The  middle  part  of  the 

fibular  shaft  remains  slender  when  com})ared  with  the  shaft 

of  the  companion  bone  of  the  healthy  leg.  There  can  be  little 

doubt  as  to  the  cause  of  this  com})arative  failure.  It  lay  in 

the  condition  of  the  lower  tibial  epiphysis.  It  was  so  })orous 

that,  when  the  fibula  was  implanted  in  it,  it  sunk  through 

almost  to  the  ankle-Joint.  The  lower  tibial  ei)ij)hysis  could 
offer  neither  a  firm  base  of  supj)ort,  nor  an  osteogenetic 
stimulus  to  the  fibular  m-aft. 

In  1I)()(S,  soon  after  transplantation  was  effected,  we  can  see 

from  the  skiagrams  taken  of  this  huVs  leg  that  the  lower  end 

of  the  transplanted  fibula  had  made  an  early  effort  to  secure 

a  more  firm  basis  of  support  at  the  ankle.  A  tongue  of 
ossific  matter  is  seen  to  be  formed  in  the  direction  of  the 

external  malleolar  from  wiiich  the  fibula  had  been  detached 

(Fig.  G).  Five  years  later,  we  see  from  the  skiagrams  that  the 

fibula  has  shed  the  lower  })art  of  the  original  shaft  which 

united  it  to  the  tibial  epiphysis,  and  acquired  a  new  and  direct 
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prolongation  to  the  ancient  support — the  external  malleolus. 
It  is  when  we  study  cases  like  those  of  Mr.  Bond  that  we  see 

Hunter  was  not  so  wide  of  the  mark  when  he  ascribed  a  form 

of  "consciousness"  to  living  bony  matter. 

Mr.  Bond"'s  first  case  also  <>;ives  us  another  instance  of  "  an 

osteogenetic  adaptability."  In  that  case — a  girl  of  5 — the 
head  and  growth  disc  of  the  fibular  shaft  (upper  epiphyseal 

r-^ a 

Fig.  6.— Stages  in  the  repair  and  growth  of  the  transplanted  fibula  of 

Mr.  Bond's  case. 

a.  Before  operation  (1908). 
/'.  After  operation  (igo8). 

c.  Condition  in  1910. 
d.  Condition  in  1913. 

line)  were  left  attached  to  the  outer  tuberosity  of  the  tibia. 

From  the  disc  was  produced  a  piece  of  shaft  several  inches  in 

len«<-th.  The  irrowinir  distal  end  of  the  fibular  head  formed  a 

union  with  the  upper  part  of  the  new  tibial  shaft,  and  thus 

served  as  a  buttress  to  support  the  ui)i)er  extremity  of  the 

til)ial  shaft.  Mr.  Bond  rightly  supi)()ses  that  there  exists  an 

attraction  or  "tropisni"  between  oi)posed  fractured  bony 
surfaces  which  are  imdergoing  repair  or  growth;  at  least  one 

has  to  postulate  that  osteoijlasts  are  endowed  with  a  power  of 
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that  kind.     We  shall  inquire  more  closely  into  the  endowments 

of  osteoblasts  in  my  next  chapter. 

If  we  sum  up  in  the  light  of  our  present  knowledge  the 

conditions  which  determine  the  successful  grafting  of  bones  or 

of  bone  fragment,  we  must  place  first — asepsis.  .  Grafts  answer 

best  \yhich  are  taken  from  the  patient''s  own  body ;  the  closer 
the  genetic  relationship  of  the  graft-host  to  the  recipient,  the 

better  is  the  graft  likely  to  answer.  The  graft-host  should  be 
young,  and  those  grafts  do  best  which  contain  all  three  elements 

of  bone — bone,  periosteum,  and  medullary  tissue.  The  graft- 

bed  must  be  free  from  blood-clot.  Washing  in  normal  saline 
solution  damages  the  vitality  of  a  graft.  A  graft  must  be 

placed  so  that  contact  is  effected  with  adjacent  bony  fragments  ; 

the  contact  must  be  firm  and  so  designed  that  the  graft  becomes 

early  subjected  to  the  mechanical  stresses  and  strains  of  the 

part.  Anyone  wishing  to  consult  the  latest  original  document 

dealing  with  the  conditions  which  concern  the  successful  use  of 

bone  graft  in  the  repair  of  fractures  or  supplying  deficiencies 
in  the  shafts  of  bone,  should  consult  the  conclusions  come  to 

by  Mr,  Hey  Groves— conclusions  based  on  an  extensive  series 

of  experiments.^ 

^  "  Methods  and  Results  of  Transplantation  of  Bone  in  the  Repair  of 

Defects  caused  by  Injury  or  Disease,  "  £n'L  Journ.  of  Surg.,  1917,  vol.  v, 
p.  185. 



Jui.ius  Wolff, 
BoKN  1836  ;  Died  1902. 

CHAPTER   XVIII 

WOLFF'S  LAW  OF  BONE  TRANSFORMATION 

In  this  chapter  are  considered  the  factors  which  reg'ulate  the  shape 
assumed  by  bones  under  normal  and  abnormal  conditions.  Julius  Wolff, 

who  sought  to  formulate  in  words  the  law  which  regulates  the  morpho- 

genesis of  bones,  was  born  in  West  Prussia  in  1836,  of  a  Jewish  stock — 
at  least  his  physical  appearance  leads  one  to  draw  that  inference.  He 
studied  Medicine  in  Berlin,  and  taking  his  degree  in  i860  devoted  himself, 

at  Langenbeck's  suggestion,  to  a  series  of  researches  upon  the  reproduc- 
tion of  bone.  When  he  commenced  practice  in  Berlin  in  1861  he  applied 

himself  to  the  investigation  and  treatment  of  orthopajdic  cases,  and  later  in 

life,  in  i8go,  when  he  was  54  years  of  age,  and  had  established  a  world- 
wide reputation,  was  made  Professor  of  Orthopfudic  Surgery  in  the 

University  of  Berlin.  He  died  in  1902.  It  is  possible,  as  we  shall  see,  to 

give  a  much  simpler  statement  of  the  law  of  bone  growth   than  that  given 

by  Julius  Wolff. 

277 
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WE  are  now  to  examine  the  principles  and  practice  of  a 
German  orthopaedic  surgeon,  Juhus  WolfF  of  Berlin, 

who,  in    1892,  when  he  was  56  years  of  age,  and  had  been 

thirtv-one  years  in  practice,  published  a  great  atlas-monograph, 

to  which  he  gave  the  title  :  "  The  Law  of  Bone  Transforma- 

tion.*"^    He  succeeded   in  riveting  the  attention   of  thinking 
medical  men  on  a  mysterious  property  of  living  bone — namely, 
that  its  external  form  and  its  internal  structure  chanije  with 

every  alteration  of  function  ;  in   brief,  a  bone  has  the  power 

to  adapt  itself  to  the  burden  it  has  to  bear.     The  expression 

which  WolfF  gave  to  the  law  was  new,  but  the  substance  of  it 
takes  us  back  to  the  time  when   Charles  Bell  was  writing  his 

Illudrations  of  Paleifs  Xatural  Thcologij^  in  1834.     "  A  bone 

may  be  taken  to  prove,"  writes  Bell,  "  that  in  Nature's  work 
strength  is  given  with  the  least  possible  expense  of  materials. 
.  .  .  Nature,  solicitous  for  our  safety,  in  a  manner  we  could 

not  anticipate,  combines  with  the  powerful  muscular  frame  a 

dense  and  perfect  texture  of  bone.  .  .  .  The  inert  and  mechani- 
cal provision  of  the  bone  always  bear  relation  to  the  living 

muscular  power  of  the  limb."     It  will  be  seen  that  the  idea 
which  underlies  Wolff's  law  was  abroad  in  men's  minds  before 
his  time,  but  he   was    the  first   to  give  that  idea  a  definite 

expression.     He  was  the  first  to  devote  thirty  years  of  constant 

work  and  observation  to  prove  that  the  shape  and  structure 

of  growing  bones  and  adult  bones  depend  on  the  stresses  and 

strains  to  which  they  are  subjected.      By  altering  the  lines  of 

stress  the  shape  of  a  bone  could  be  changed.     That,  he  thought, 

was  a  doctrine  of  hope  for  orthopjrdic  surgeons. 

A  rapid  survey  of  the  first  decade  of  Wolffs  professional 

life  will  place  us  in  possession  of  the  circumstances  which  led 

him  up  to  his  discoveries — if  discoveries  they  can  be  called. 
He  was  born  in  West  Prussia  in  1836,  and  studied  Medicine 

in  Jk'rlin,  where  he  graduated  in  18()()  at  the  age  of  24. 
Amongst  his  teachers  was  Langenbeck,  who  served  as  a  link 

between  the  young  pupil  and  the  surgical  practices  which,  as 

we  have  seen  in  a  former  chapter,  were  initiated  at  Hanover 

by  Stromeyer  in  1831.  In  1860,  too,  the  problem  of  bone 

^  Das  Gesetz  der  Transformation  der  Knocken,  Berlin,  1892. 
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reproduction  was  much  discussed;  Oilier  had  just  published 

his  earlier  researches.  Langenbeck  advised  Wolff'  to  make 

"  experimental  reproduction  "  of  bone  the  subject  of  a  gradua- 
tion thesis.  In  the  course  of  studies  and  experiments  connected 

with  the  preparation  of  this  thesis,  Wolff'  became  acquainted 
with  discoveries  which  have  been  already  cited  in  these  chapters 

—  the  discoveries  of  Uuhamel,  Hunter,  and  Flourens.  He 

started  away  in  18G0  from  the  point  at  which  Flourens  left 

off"  in  1842.  Having  finished  his  thesis,  he  settled  down  to 
practice  in  Berlin.  We  can  measure  the  progress  of  his 

knowledge  from  cei'tain  papers  he  published  earlv  in  18G8 — 

preliminary  studies  on  the  growth  of  bone.^  W^e  find  there 
that  he  had  broken  awav  from  the  simple  teaching  of  Flourens, 

who  held  that  the  shaft  of  a  bone  grew  in  thickness  bv  deposi- 
tion of  new  }x)ne  under  the  periosteum,  accompanied  by  a 

simultaneous  absorption  from  the  walls  of  the  medullary 

cavity.  The  periosteum,  Wolff'  found,  had  but  a  weak  osteo- 
genetic  power  even  in  young  animals,  and  that,  when  growing 

animals  were  fed  on  madder,  newly  formed  bone  was  frequently 

to  be  found  on  the  wall  of  the  medullary  cavity.  He  reverted 

to  Duhamers  conception — that  the  shaft  of  the  bone  actually 
expanded  ;  that  i)v  some  mysterious  process  new  bricks  could 

be  forced  between  the  old,  and  the  old  building  thus  enlarged. 

He  bored  holes  in  the  shaft  of  growing  bone  at  measured 

distances  and  found,  as  growth  proceeded,  that  these  holes 

moved  apart.  ̂ Ve  have  seen  that  one  of  Hunter's  specimens 
shows  such  a  separation.  He  concluded  that  the  old  concep- 

tion of  interstitial  growth  in  bone  was  true.  He  was  constantly 

on  the  outlook  for  every  ti'ace  he  could  discover  of  the  inter- 
stitial absorption  and  deposition  of  bone,  particularly  in  the 

spongy  extremities  of  long  bones,  and  found  confirmation  of 

his  opinion.  In  fully  grown  animals,  however,  he  believed 

that  structural  elements  of  a  bone  could,  under  certain  circum- 

stances, remain  unchanged :  so  long  as  a  bone  performed 

exactly  the  same  function  its  structural  elements  underwent 
no  change. 

AVolff"  believed  tiiat   he  was  the  first  to  recognise  that  the 

^  Berl.  Med.    U'chenschr.,  1868,  vol.  v.  pp.  62,  76,  no. 
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tissue  of  growing  bone  was  in  a  state  of  constant  flux  ;  for  him 

bone  was  a  plastic  tissue  in  which  demoHtion  and  rebuilding 

were  taking  place  in  all  parts  of  a  living  bone.      In  making 

such   a    claim   he    was   scarcely  just    either  to   Hunter  or  to 

Flourens.     We  have   seen   that   Hunter's   conception   of  bone 
growth  was  largely  based  on  a  study  of  the  process  as  seen  in 

the  upper  extremity  of  the  femur — particularly  of  tlie  head 
and  neck.      Hunter  discovered  that  the  elaborate  architecture 

of  the  neck  was  being  continually  remodelled  from  infancy  to 

adult  life ;  without  such  remodelling,  the  femoral  shaft  could 

not  grow.      The  following  passage   shows  how  changea})le   a 

substance  he  conceived  bone  to  be :  "  Bones  begin  at  a  point 
and  shoot  out  at  their  surface,  and  the  part  that  seems  already 

formed  is  not   in   reality  so,  for  it  is  forming  every  day  by" 
having  new  matter  thrown  into  it,  till  the  whole  substance  is 

complete;    even  then  it  is  constantly  changing  its  matter."" ^ 
The  following  passage  will  show  that  Flourens  held  a  similar 

conception  of  living  bone:    "Mais  si,  d'une   part,  des   mole- 
cules nouvelles  sont  incessamment  deposees,  si,  d'autre  part, 

des  molecules  anciennes   sont   incessamment  resorbes ;    il  y  a 

done  mutation  continuelle  de  la  matiore.     La  nuitation  con- 

tinuelle  de  la  matiere  est  la  resultat  general  et  le  residtat  le 

plus   important   de   toutes   les   experiences    de   cet   ouvrage."^ 

\Volff''s    realisation  that  living  bone  was  a  plastic  tissue  was 
not  new  ;  but  we  shall  see  he  applied  this  knowledge  in  a  way 

and  with  an  insistence  no  one  had  evei"  done  before. 

A  study  of  the  neck  of  the  fenuu'.  which  proved  so  fruitful 
to  Hunter,  gave  Wolff  the  key  to  his  law  of  transformation. 

It  is  strange  that  the  elaborate  architecture  of  the  neck  of 

the  human  fenuu'  failed  to  attract  the  attention  of  early 

anatomists.  Almost  the  first  desci"iption  we  liave  of  its 
architecture — the  very  first  attemj)t  to  probe  its  mechanism  — 

is  that  given  by  a  contempoi'arv  of  John  Hilton,  Mr.  F.  O. 

Ward,  who  demonstrated  anatomy  at  King's  College,  London. 
The  concise  treatise  on  Ifininnt  O.sfcolog//.  which  was  first 

published  in  1838,  and  found   to  be  a  very  dull  book  bv  many 

'  Collected  Works,  vol.  ii.  p.  i8. 

-  Recherches  sur  le  Difveloppeineni  des  Os,  1 842,  p.  98. 
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of  those  who  came  of  a  later  generation,  is  packed  with  first- 
hand observation.  Many  of  us  will  remember  the  drawing  of 

a  triangular  bracket  supporting  a  street  lamp,  which  was 
inserted  by  Mr.  Ward  to  explain  the  architecture  of  the 

femoral  neck.  The  bracket,  which  supported  the  lamp  from 

an  upright,  was  made  of  two  pieces — an  oblique  supporting 

and  a  cross  tie-piece.  The  architecture  of  the  femoral  neck 

showed  two  corresponding  sets  of  lines  or  trabecuLie — an 
ascending  set  springing  from  the  lower  wall  of  the  neck  to 

the  head,  and  a  horizontal  or  cross  set  occupying  the  upper 

part  of  the  neck.  ̂ ^'ard  supposed  that  when  a  man  stood 
up  these  two  sets  of  trabeculae  transferred  the  weight  of  the 

trunk  to  the  shafts  of  the  thii>h-bones :  the  ascendino-  lines 

were  then  subjected  to  pressure,  the  horizontal  lines  to 
tension. 

In  1867,  when  Wolff  was  busy  with  his  investigations,  and 

such  practice  as  then  came  his  way,  the  architecture  of  the 

femur  was  being  subjected  to  a  thorough  analysis  by  two 

professors  in  Zurich — Von  jNIeyer,  the  anatomist,  and  Culmann, 
engineer  and  mathematician.  Culmann  had  an  intimate 

acquaintance,  both  practical  and  theoretical,  with  tiie  problems 

which  euiiineers  have  to  solve  in  desi<i;nini>'  iron  bridi^es  and 

cranes.  On  examining  Von  Meyer's  preparation  and  drawings 
of  the  femoral  neck,  he  was  convinced  that,  in  a  mathematical 

and  engineering  sense,  the  architecture  of  the  femoral  neck 

was  a  perfect  mathematical  design  for  the  transference  of 

weight.  The  trabecukxj  had  been  given  the  exact  position  and 

form  which  the  expert  mathematician  and  engineer  would 

postulate  for  them.  Culmann  saw  in  tlie  architecture  of  the 

upper  extrenntv  of  the  femur  the  counterpart  of  the  design 
which  Fairbairn  had  embodied  in  his  crane.  Modern  examina- 

tion 1  of  the  structure  of  the  femoral  neck  shows  how  exact 

("ulmann's  comj)aiison  was.  Here,  then,  we  have  a  very 
remarkaljle  discovery  :  the  osteoblasts  are  the  architects  of  the 

femoral  neck  ;  they  are  engineers  who  do  their  work  according 

to  "exact  mathematical  laws." 

J        'See  Professor   Francis  Dixon's  y>3.\)er,  Jourii.   of  Anal,  tnid  Phvsiol., 
1910,  vol.  xliv.  p.  223, 
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Having  absorbed  the  Zurich  discovery,  we  see  that  Wolff' 
began  to  extend  his  knowledge  in  several  directions.  He 
commenced  to  formulate  his  law  of  bone  transformation  in 

1870,  but  kept  adding  item  upon  item  to  it  until  1885,  when 

he  satisfied  himself  it  was  complete.  The  first  postulate  which 

he  embodied  in  his  law  was  founded  on  a  study  of  sections 
of  deformed  bones  ;  he  observed  that  when  a  bone  became 

deformed  its  internal  structure  was  radically  changed.  The 

internal  changes,  he  concluded,  were  due  to  an  alteration  of 

the  static  function,  an  alteration  which  must  take  place  in 

every  deformed  bone ;  a  deformed  bone  ultimately  became 

perfectly  adapted  to  its  new  function  or  position,  '•  according 
to  mathematical  law."  He  further  observed  that  these 
primary  alterations  in  the  internal  structure  of  a  bone  were 

followed  by  certain  secondary  adaptative  changes  in  the  external 

form,  "according  to  mathematical  law."  Then  in  1884-1885 
were  added  the  two  final  and  more  important  clauses  of  his 

law,  namely  :  If  a  normal  bone  is  used  in  a  new  way  its  struc- 
ture and  form  will  change  to  meet  its  new  function ;  if  a 

deformed  bone  is  rectified,  and  its  normal  function  thus 

restored,  tiien  that  bone  will  reassume  and  retain  its  normal 

shape  and  structure.  In  its  final  form  Wolff^s  law  of  bone 
transformation  came  to  read  thus— I  give  the  usually  adopted 

translation- — "  Every  change  in  the  form  and  the  function  of 
a  bone  or  of  their  function  alone,  is  followed  by  certain 

definite  changes  in  their  internal  architecture,  and  equally 

definite  secondary  alterations  in  their  external  conformation, 

,  in  accordance  with  mathematical  laws." 

In  framing  the  definition  of  his  law  of  bone  transforma- 

tion Wolff'  buried  in  words  a  simple  and  vital  truth.  The 
late  Dr.  John  B.  Murphy  of  Chicago  found  a  much  simpler 

expression  when  he  said:  "The  amount  of  growtli  in  a  bone 

depends  upon  the  need  for  it."  To  make  quite  certain  we 
sjiall  not  miss  the  more  important  truths  which  Wolff  i-m- 

bodied  in  liis  law,  we  shall  aj)j)ly  it  to  a  concrete  instance — 
knock-knee  or  irenu  val<jum.  We  want  to  know  the  cause  of 

genu  valgum,  so  that  we  may  know  how  to  prevent  the  occur- 

rence of  the  deformitv.      AVolfl"  held  that,  in  the  majority  of 
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cases,  the  deformity  was  due  to  keeping  the  lower  limb  in  a 

faulty  posture ;  he  cites  as  an  instance  the  apprentice  baker 

standing  over  the  dough  trough  with  legs  apart.  "Wolff 
regarded  the  living  bone  as  a  sensitive  plastic  tissue,  controlled 
bv  the  lines  of  force  transmitted  by  the  framework  of  the 

limb ;  as  long  as  the  lines  of  force  passed  in  the  normal  axis  of 
the  limb  the  bones  retained  their  normal  form  and  archi- 

tecture. But  if  the  lines  of  pressure  are  deflected,  as  in  the 

straddled  limbs  of  the  apprentice  baker,  then  the  living  bones 

will  begin  to  alter  the  disposition  of  their  particles,  rearrang- 
ing them  to  meet  the  new  lines  of  transmission.  It  is 

rearrangement  of  tlie  living  particles  of  the  bone  which  pro- 

duces knock-knee.  It  was  W^olffs  belief  that,  save  in  those 
few  cases  where  tliere  is  softening  of  the  iiones  or  actual 

disease  of  the  lindjs,  no  one  would  become  the  subject  of 

knock-knee  if  he  or  she  stood  aright.  Knock-knee  was,  in  his 
oj)inion,  the  result  of  a  faulty  posture. 

There  can  be  no  doubt  of  the  extensive  structural  changes 

which  take  place  in   the  bones  of  the  lower  extremity  in  case 

of  knock-knee  of  long  standing;  Wolff  has    given   the    most 

complete  proof  of  that  and  also  of  the  fact  that  the  altera- 
tions are  just  such  as  will  meet   the  altered  lines  of  pressure. 

There    are   few,    howevei',   who    will    agree  that  the   cause  of 

knock-knee  is    so  simple    as    Wolff   liei'e   supposes.     In   most 
cases  we  fail  to  find  a  history  of  faulty  posture,  but   we  do 

discover  in   the  majority  of  such  cases  that  there  have  been 

prolonged   periods    of  standing   or  of  standing  and   walking. 

We  are  driven,  as  I  have  pointed  out  in  a  previous  chapter,^ 
to  look  for  the  primary  cause,  not   in  the  bones,  but  in   the 

muscles,  particularlv  in    those  which    are  tonically  and   con- 
stantly in  action  so  long  as  we  are  standing.      It  is  when  such 

muscles    give    way   that  the    bonv  changes,   which  have  been 

dej)icted    bv    Wolf!',  set    in.      Wolff   rejected  with   scorn  any 
attempt  to  lay  the  primary  blame  of  deformities  on   muscles. 

And    yet    the    evidence    all   points  to   muscles   as    i)eing    the 

primary   defaulters;    in   all  static  deformities   I    believe    that 
the  transformation   of  bone  is  a  direct  result  of  defective  or 

'  Chapter  X. 
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unbalanced  muscular  action.  The  principles  which  guided 

Wolff'  in  the  treatment  of  deformities  were  based  on  his  law — 
on  the  response  which  living  bone  makes  when  submitted  to 

pressures.  In  the  case  of  knock-knee,  his  first  step  in  treat- 
ment was  to  restore  the  normal  lines  of  pressure  to  the  tibia. 

That  can  be  done  only  by  bringing  the  tibia  back  into  its 

proper  alignment  with  the  femur  —  either  by  performing 

Macewen"'s  osteotomy  of  the  femur,  or,  as  Wolff'  preferred, 
by  exerting  pressure  on  the  region  of  the  knee  through  the 

application  of  splints  and  bandages.  These  were  forms  of 

treatment  in  use  long  before  orthoptedic  surgeons  had  heard 
of  the  law  of  bone  transformation  ;  the  law  did  not  lead  to 

any  change  in  our  remedial  methods.  Wolff',  however,  was  the 
first  to  ])ring  home  to  surgeons  and  anatomists  the  extensive 

nature  of  the  changes  which  had  to  take  place  in  the  internal 
architecture  of  the  femur,  tibia,  and  fibula,  after  rectification 

for  knock-knee,  or  any  deformity,  was  effected.  The  internal 
structure,  which  had  been  changed  to  suit  the  transmission  of 
force  in  an  abnormal  direction,  had  to  be  remodelled  to  meet 
the  demands  of  a  normal  transmission. 

We  are  now  to  take  our  leave  of  Wolff'.  He  had  an  uphill 
struggle  in  Berlin  ;  recognition  came  late  to  him.  In  1890, 

when  54  years  of  age,  he  was  appointed  Professor  of  Oi'tho- 
pa'dic  Surgery  in  the  University  of  Berlin.  He  died  in 
February  1 90^  at  the  age  of  66. 

Every  student  who  has  read  Wolff's  monogra})h  witli  care 
must  have  noted  that  at  no  time  was  he  concerned  with  the 

actual  bone-builders — with  the  osteoblasts  themselves.  He 

has  given  us  excellent  plates  illustrating  the  marvellous  manner 
in  which  the  internal  structure  of  deformed  bones  has  l)een 

remodelled  to  meet  new  lines  of  pressure ;  but  nowhere  does 

he  mention  tlic  cunning  engineers.  His  monograph,  and  the 

same  may  ti  iily  be  said  of  his  law,  is  a  stage  set  out  with  all 

the  necessaiv  fittings  for  a  play,  but  the  actors  are  never  called 

on  to  apj)ear.  We  are  now  to  turn  to  these  actors — the 

ostcol)lasts — and  see  if  we  can  obtain  a  closer  knowledge  of 

the  remarkable  engineering  powers  with  wliich  they  are  appar- 
ently endowed. 
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In  a  former  chapter  we  have  mentioned  Goodsir's  investi- 
gation of  a  sponge  from  Spitzbergen,  and  the  discoverv  of  the 

cells  or  scleroblasts  which  formed  its  skeleton  of  spicules.  We 

shall  see  when  we  come  to  deal  with  these  spicule-builders  that 
we  have  before  us  ancient,  ancestral  relatives  of  osteoblasts, 

so  ancient  that  we  have  to  go  back  to  the  deeper  strata  of  the 

earth  to  find  their  first  appearance  in  the  animal  phvlum. 

Goodsir's  investiijations  were  made  in  1852  ;  at  the  end  of  the 
century  the  late  lamented  Professor  Minchin,  when  he  held  the 

chair  of  Zoology  at  University  College,  London,  again  took 

up  the  study  of  scleroblasts.  The  investigations,  however, 

with  which  I  shall  now  deal  are  those  made  by  a  pupil  of  his, 

Dr.  W.  \\^oodland.i  In  1904  Dr.  Woodland  began  the  study 
of  spicule-building  in  one  of  our  commoner  sponges  {Sijcun 
coroimta),  which  grows  in  shallow  tidal  waters  or  is  planted  on 

rocks  and  exposed  to  the  action  of  falling  waves.  It  is  im- 
portant for  us  to  note  that  this  sponge,  studded  with 

calcareous  spicules,  is  of  a  cylindrical  shape,  tapering  to  its 

attached  base  and  also  to  its  free  or  oscular  extremity.  There 

is  a  central  or  gastral  cavity  surrounded  by  the  sponge  wall. 

The  sponge  wall,  being  made  up  of  soft  tissue — an  outer-layer 

of  dermal  cells  and  an  inner  of  lining  or  gastral  cells — requires 
support  and  protection,  which  are  supplied  by  a  skeleton  of 

separate  calcareous  spicules.  The  soft  walls  of  this  sponge  are 

constantly  exposed  to  the  force  of  moving  waters,  and  we  shall 

see  that  the  spicule-builders — the  scleroblasts — are  endowed  with 

the  same  properties  as  osteoblasts — the  powers  of  fashioning 
and  depositing  the  elements  of  the  skeleton  so  that  the  sponge 

can  best  resist  the  forces  to  which  it  is  habitually  exposed. 

We  shall  first  follow  the  manufacture  of  the  simpler  form 

of  spicule  —  the  needle  -  shaped  or  monaxon  type.  Dr. 
Woodland  found  that  the  scleroblast  which  was  to  o-ive  rise 

to  such  a  spicule  moved  inwards  from  the  covering  or  dermal 

layer  of  cells  and  took  up  a.  position  in  the  sponge  wall.  The 

scleroblast  divides,  and  at  the  beginning  of  the  process  a 

calcareous    spicule    commenced    to    form — to    be    secreted — 

'''Studies  in    Spicule   Formation,"    Quart.  Journ.   Micr.   6V.,   London, 
1906,  vol.  xlix.  pp.  J31,  533. 
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within  the  cell  substance.  Presently,  as  the  spicule  grows  in 

length  the  daughter  scleroblasts  separate,  each  moving  towards 

opposite  ends  of  the  spicule.  The  scleroblasts  are  now  applied 

to  only  one  side  of  the  spicule,  which  has  kepL  growing  in 

length  until  its  outer  end  projects  into  the  dermal  layer. 
Then  the  outer  scleroblast  forsakes  the  spicule  and  moves 

within  the  sponge  wall,  and  shortly  afterwards,  accompanied 

by  its  companion,  disappears.  The  needle-shaped  spicules  thus 

formed  may  project,  and  are  often  shed,  from  the  wall  of  the 

sponge,  and  are  evidently  intended  for  protection  as  much  as 

for  support. 

Besides  these  simple  needl?-shaped  spicules  the  same  sponge 

is  also  provided  vvith  others  of  a  more  complex  type — triradiate 
and  quadriradiate — which  are  deftly  planted  in  the  sponge 
wall  so  as  to  give  it  a  maximum  strength.  Dr.  Woodland 

found  that  these  more  complex  spicules  were  formed  by 

groups  of  scleroblasts  which  arranged  themselves — as  Goodsir 
had  observed — in  definite  groupings.  Their  combined  efforts 

produced  the  same  perfectly  fashioned  piece  of  masonry  every 
time.  Dr.  AVoodland  observed  that  if  the  position  of  a  sponge 

was  altered,  so  that  the  side  exposed  to  the  force  of  waves 
was  reversed,  the  scleroblasts  reacted  in  such  a  way  as  to 

stren<ithen  the  side  on  which  the  chief  stresses  now  fell. 

Here  then  is  Wolff's  law  regulating  the  activities  of  the 
skeleton-builders  of  sponges.  We  must  suppose  that  such 

cells  are  sensitive  to  certain  forces — the  pressures  and  tensions 
caused  by  moving  waters  and  also  to  the  force  of  gravity. 

Lately,  Professor  Dendy,  of  King's  College,  London,  work- 
ing in  partnership  with  his  mathematical  colleague.  Professor 

Nicholson,  has  discovered  a  curious  fact  relating  to  the 

behaviour  of  spicule-forming  scleroblasts.  The  sponge  in- 
vestigated bv  Professor  Dendy  is  provided  with  long  fusiform 

spicules.  The  scleroblasts,  having  completed  the  growth  of  a 

spicule  as  regards  length,  become  attached  at  certain  inter- 
mediate points  of  the  spicular  shaft,  where  they  deposit  an 

encircliuir  whorl.  Professor  Nicholson  has  shown  that  the 

points  at  which  the  scleroblasts  attach  themselves  to  form 

whorls  correspond  to  the  internodes,  the  non-vibrating  points, 
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of  .such  spicules.  Apparently,  as  Professor  Dendy  has 

supposed,  the  scleroblasts  are  so  sensitive  to  vibration  that 

they  are  able  to  discover  the  points  of  least  vibration  on  any 

given  spicule. 
In  the  various  sponges  which  we  have  selected  here  as 

examples,  the  scleroblasts  work  their  spicules  into  the  sponge 

wall,  much  in  the  same  manner  as  a  corset- maker  insei'ts 
supports  of  steel  or  whalebone  into  stays.  In  other  sponges, 

however,  they  work  in  the  manner  of  osteoblasts  ;  the  product 

of  one  group  of  builders  is  united  with  that  of  a  neighbouring 

group,  so  that  a  framework  or  skeleton  is  laid  down  "  accord- 

ing to  mathematical  laws "  and  designed  to  meet  the  stresses 
to  which  their  building  is  exposecpjC There  is  no  more 

beautiful  eno-ineerini''  feat  than  that  to  be  seen  in  the 

Zeppelin-like  framework  of  the  Japanese  sponge,  Euplectella. 
No  one  who  has  watched  the  behaviour  of  scleroblasts  and 

marked  the  design  in  their  workmanship  can  doubt  they  have 

acquired  certain  characteristic  {qualities — chief  of  which  is  a 
sensitiveness  to  vibrations — to  stresses.  We  see  them  build 

the  same  form  of  spicules  as  their  ancestors,  and  therefore 

must  suppose  that  the  building  quality  is  a  gift  handed  on  by 

inheritance.  We  see  them  alter  their  mode  of  l)uilding  as 

stresses  change  ;  we  must,  therefore,  suppose  that  their  inherited 

powers  can  ])e  changed  by  the  circumstances  under  which  they 
work. 

The  importance  of  these  observations  on  sj)icule-l)uilding 

on  our  interpretation  of  the  behaviour  of  osteoblasts — on  our 

interpretation  of  W^ollf's  law — nuist  be  apj)arent  to  every 
orthopa'dic  surgeon.  Osteoblasts  seem  to  conduct  the  work 
of  bone-building  as  if  they  had  Ijeen  given  the  training  of 

expert  and  unerring  engineers :  as  a  child  grows  they  keep  re- 
building the  articular  extremities  of  ])ones ;  the  architecture  of 

the  neck  of  the  fenuu*  is  being  constantly  remodelled,  but  the 
osteoblasts  maintain  the  same  complex  design  throughout. 

When  an  angular  union  results  from  fracture,  they  rearrange 
the  substance  of  the  bones  in  accordance  with  the  new  lines  of 

pressure,  removing  the  parts  which  are  no  longer  subjected  to 

direct  stress,  and  laying  down  new  sui)ports  in  the  lines  where 
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pressure  is  active.  If  a  bone  becomes  soft  and  bends,  they 

meet  the  new  condition  by  rebuilding  along  its  cavity.  When 

we  speak  of  WolfTs  law  we  really  mean  the  law  of  osteoblasts ; 

it  would  be  a  great  and  direct  gain  to  practical  surgeons  if 

they  would  discard  the  clumsy  expression  given  to  this  law  by 

its  author.  The  law  is  simply  this  :  Osteoblasts  at  all  times 

build  and  unbuild  according  to  the  stresses  to  which  they  are 

subjected. 

It  is  not  Wolflf's  law  which  an  orthopaedic  surgeon  should 
cultivate,  but  a  close  acquaintance  with  the  behaviour  of  osteo- 

blasts. If  he  understands  them  fully  and  treats  tliem  rightly, 

they  can  prove  his  most  helpful  friends  ;  if  he  ignores  them, 

they  can  and  do  prove  obstreperous.  In  the  first  place,  as  we 

have  seen  from  their  behaviour  in  grafts,  thev  nuist  be  sub- 

jected  to  stresses ;  stress  is  as  necessary  for  their  health  and 

activity  as  exercise  is  for  the  living  body.  The  mode  in  which 

they  build  and  the  lines  along  which  they  will  deposit  their 

building  material  are  determined  by  the  forces  which  are 

brought  to  bear  on  them.  They  can,  by  manipulating  such 
force,  be  made  to  build  as  we  wilik  We  see  further  that  they 

can  be  stimulated  to  overwork  in  many  ways.  H.  O.  Thomas, 

by  beating  the  external  condyle  of  the  femur  with  a  mallet, 

made  the  bone  cells  build  up  a  rampart  which  prevented  the 

outward  dislocation  of  the  patella.  Injury  to  a  bone  excites 

evei'y  osteoblast  in  that  bone  ;  diaphyseal  growth  discs  act  as 
buffers  in  limiting  the  radiation  of  a  stimulus ;  acute  in- 

flammation increases  their  activity  and  destroys  their  sensitive- 
ness to  pressures. 

The  study  of  diseased  conditions  brings  out  other  qualities 

of  osteoblasts.  In  giants  they  become  stimulated  to  an  extra- 
ordinarv  decree  by  a  certain  substance  or  substances  derived 

from  the  pituitary  body  ;  in  certain  forms  of  dwarfs  we  see 

this  elixir  of  growth  withheld.  In  acromegaly  we  see  growth 

again  reawakened  under  a  pituitary  derivative — a  growth 
which  chiefly  affects  cartilage-covered  areas  of  bone — areas 

which  are  constantly  subjected  to  movement.  In  Pagefs 

disease  we  see  quite  another  disturbance  in  the  life  of  osteo- 
blasts.    They  are  no  longer  acutely  sensitive  to  the  stresses 
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which  fall  on  the  skeleton  ;  they  lose  their  engineering  qualities 

and  lay  down  their  materials  clumsily. 

The  study  of  many  other  conditions — such  as  achondo- 
plasia,  periosteal  dystrophy,  rickets,  mollities  ossiuni,  fragilitas 

ossium — throw  side-lights  on  the  complex  nature  of  osteoblasts. 

W^olff'  did  orthopaedic  surgery  a  real  service  by  insisting  on 
and  establishing  the  plasticity  of  bone,  but  his  law  is  a  clumsy 

expression  of  but  one  of  the  vital  properties  of  osteoblasts. 

Further,  we  see  that  Hunter  was  not  very  far  off  the  truth 

when  he  attributed  a  form  of  "  consciousness  "  to  living  bone. 

19 



Professor  Peter  Redfern,  1821-1912, 

Founder  of  our  knowledge  concerning  the  microscopic  structure  of  cartilage 
and  discoverer  of  the  process  by  which  its  wounds  are  repaired. 

CHAPTER   XIX 

THE  ORIGIN  OF  OUR  KNOWLEDGE  CONCERNING 
ARTICULAR  CARTILAGE  IN  HEALTH  AND 

DISEASE 

In  this  chapter  the  orig-in  of  our  knowledg'e  concerninuf  the  g;rowth  and 
repair  of  articular  cartilage  is  traced.  Joseph  Tojnbce,  born  1815  in 
Lincolnshire,  died  1866  in  London  at  the  age  of  51,  is  best  known  for  his 

pioneer  work  in  aural  surgery,  but  his  first  investigation,  made  in  1838, 
which  is  dealt  with  in  this  chapter,  was  concerned  witli  the  manner  in  which 

articular  cartilage  is  nourished.  Dr.  Peter  Redfern  published  the  most 

important  account  of  his  researches  on  cartilage  in  1850  while  Professor  of 

Anatomy  and  Physiology  in  King's  College,  Aberdeen.  He  was  born  in 
1821  at  Chesterfield,  Derbyshire  ;  studied  at  Edinburgh,  where  he  heard 

Goodsir  lecture  on  cartilage  in  1842.  After  taking  his  medical  degree  at 

London  University  in  1844,  he  was  called  to  Aberdeen,  where  he  remained 

until  i860,  when  he  became  Professor  of  Anatomy  and  Physiology  in  Queen's 
College,  Belfast,     He  retired  in  1893,  and  died  at  Donaghadee,  Ireland,  in 
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191 2,  aged  gi.  Sir  Alexander  Ogfston,  emeritus  Professor  of  Surgfery  in 

the  University  of  Aberdeen,  was  born  in  that  citj'  in  1844,  the  son  of  Dr. 

Francis  Og'ston,  Professor  of  Medical  Jurisprudence. 

HITHERTO  we  have  been  dealing  with  osteoblasts ;  we 

shall  now  consider,  from  a  surgeon's  point  of"  view,  cells 
of  a  totallv  different  kind— cartilao-e  cells  or  chondroblasts. 

A  surgeon  cannot  make  a  greater  mistake  than  to  suppose  that 

these  two  kinds  of  cells  are  closely  akin  :  there  is  the  same 

relationship  between  them  as  between  the  wolf  and  the  lamb  ; 

the  one  feeds  on  the  other  whenever  they  are  set  in  unrestrained 

proximity. 
We  have  only  to  note  how  differently  bone  cells  and 

cartilage  cells  react  to  injury  to  realise  how  opposite  they  are 
in  nature.  When  the  femur  is  broken  the  osteoblasts  at  the 

broken  ends  seek  each  other  out  and  repair  the  breach  ;  so 

strong  is  their  propensity  to  effect  a  iniion  that  only  the  most 
unfavourable  circmnstances  can  frustrate  their  instinctive 

efforts.  ̂ ^' hen  a  costal  i^artilage  is  fractured  or  cut  we  see  a 
totallv  different  result ;  cartila<i;e  cells  have  no  tendency  to 

grow,  to  seek  each  other  out,  and  to  repair  a  breach,  'i'heir 
innate  tendency  is  of  quite  a  different  kind;  when  irritated, 

they  divide,  enlarge,  and  then  (lisa})pear  by  melting.  For  its 

repair,  cartilage  has  to  depend  on  outside  help  ;  fibroblasts  have 

to  be  called  in  to  repair  the  breach. 

When  we  note  the  exact  manner  in  which  a  joint,  such  as 

that  of  the  knee,  appears  in  the  budding  limb  of  the  embryo, 

we  may,  without  any  stretch  of  imagination,  describe  its 

formation  as  a  breach  or  fractiu'e  produced  by  developmental 
means.  It  is  produced  by  a  cleft  or  rift  a])pearing  in  the 
skeletal  bar ;  the  femoral  roof  of  the  cleft,  its  tibial  floor,  its 

capsular  sides  are  lined  with  cai'tilage.  In  time  centres  for 

ossification  a})pe;u-  in  the  adjacent  epiphyses  of  the  fenun-  and 
tibia;  these  centres  invade  the  cartilage  and  progress  towards 

the  joint,  but  never  reach  it,  because  the  growth  of  the 

articular  cartilages  keeps  an  even  pace  with  the  progress  of 

ossification.  Finally  conies  adult  life,  when  the  osteoblastic 

invasion  of  cartilage,  by  some  process  which  is  still  obscure,  is 

brought  to  a  standstill.      We  have,  then,  between  the  adjacent 
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bony  surfaces  of  the  femur  and  tibia  containing  their  armies  of 
osteoblasts,  two  strata  of  articular  cartilage  which  collectively 

form  a  barrier  some  two-fifths  of  an  inch  (10  mm.)  in  thick- 

ness. The  opposed  femoral  and  tibial  cartilage  cells  have  no 

inclination  or  power  to  unite ;  but  that  is  not  the  case  with 

the  corresponding  armies  of  osteoblasts  lying  behind  the 

cartilage.  Articular  cartilage,  so  long  as  it  is  healthy,  forms 
a  barrier  which  osteoblasts  cannot  penetrate.  But  if  the 

cartilaginous  barriers  be  destroyed  by  infection  entering  the 

joint-cavity,  or  the  adjacent  epiphyses,  or  by  an  obscure 
nutritional  or  rheumatoid  change,  then  a  joint  becomes  re- 

duced to  the  condition  of  a  fracture.  Healing  may  result  in 

the  production  of  a  "false-joint,"  a  fibrous  union  or  a  true 
bony  union.  The  reason  why  bony  union  is  so  difficult  to 

obtain  is  best  explained  by  an  observation  made  by  Macewen. 

He  noted  that  the  osteoblasts  of  epiphyses  have  a  lower  osteo- 

genetic  power  than  those  of  the  shaft.  .  However  that  may  be, 

there  can  be  no  doubt  that  a  knowledge  of  articular  cartilage 

— a  knowledge  of  chondrolilasts — is  the  onlv  rational  basis  for 

joint  therapy. 

By  way  of  introduction  we  have  been  drawing  attention  to 
the  radical  differences  which  exist  between  the  cells  which 

build  bones  and  those  which  compose  the  chief  substance  of 

joints.  We  are  now  to  set  out  on  one  of  our  usual  journeys  in 

quest  of  some  of  the  men  who  have  helped  to  lay  the  modern 
foundations  of  our  knowledge  of  joints.  For  the  first,  we  need 

not  go  beyond  the  walls  of  the  Royal  College  of  Surgeons.  In 

1838,  just  as  the  cell  doctrine  was  being  incubated  in  Berlin, 

Joseph  Toynbee,  duly  qualified  as  a  medical  practitioner,  and 

23  years  of  age,  came  to  assist  Clift  and  Owen  in  the  work 

of  the  College  Museum.  Toynbee  was  one  of  the  first  in  this 

country  to  apply  the  microscope  to  unravelling  the  cellular 

constitution  of  living  tissues.  His  attention  was  particularly 
directed  to  non-vascular  tissues — tissues  wliich  lie  outside  the 

blood  circulation,  such  as  the  cornea,  the  lens,  the  vitreous 

humour,  dentine,  articular  cartilage,  and  the  epidermis.^     He 

^  "The  Non- vascularity  of  Certain  Animal  Tissues/'  Phil,  Trans.,  1841, 
Part  II.  p.  159. 
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discovered  the  cellular  nature  of  the  epidermis,  but  it  is  his 

pioneer  work  on  the  nourishment  of  articular  cartilage  which 

concerns  us  here.     Ln  mediately  under  the  thin  lamina  of  bone. 

on  which  articular  cartilage  is  implanted  at  the  ends  of  long 

bones,   he  found  a  rich  carpet  of  looped   vessels,  each  loop 

being  provided  with  one  or   more  clearly  marked  dilatation. 

He  inferred   that  this  vascular  carpet  was  a  special  provision 

for  the  nourishment  of  the  articular  cartilage.     The  cartilage 

cells  imbibed  their  nourishment  from  the  lymph  thrown  out 

by  the  sub-articular  plexus ;  the  lymph,  he  supposed,  soaked 
into  the  cartilage,  for  nowhere  could  he  detect  open  pores  or 

channels  through  which  it  could  flow.     He  also  noted,  under 

the  synovial  membrane,  at  the  margin   of  the  cartilage,  the 

remarkable  vascular  plexus  first  described  by  Wm.  Hunter  in 

1743.     The  peri-articular  vascular  circle  also  aided  in  furnish- 
ing lymph  for  the  cartilage.      We  are  apt  to  think  of  Joseph 

Toynbee  as  the  founder  of  aural  surgery  and  forget  that  he 

also  established  one  of  the  fundamental  facts  relating  to  joints 

— namely,  that  their  cartilages  lie  outside  the  circulation  and 
are  nourished  by  exuded  lymph.     Toynbee\s  observation  gives 

the    modern    operating    surgeon    an    assurance    that   articular 

cartilage  ought  to  be  a  substance  en)inently  capable  of  being 

transplanted.      In   its    natiu'al    state    it   may  be  said  to  form 
insets  or  grafts  rather  than  intrinsic  parts  of  the  animal  body. 

Toynbecvs  research  was  published  in   1841.     To   find  the 

next  important  addition   to  our   knowledge   of  cartilage   we 

must  visit  Edinbiu'gh  in   1842,  when  young  Goodsir  became 
curator  of  the  Museum  of  the  College  of  Sur>>;cons.     We  have 

already   noted    how    (|uickly   he    grasped  the    real    nature   of 

bone;  his  genius  is  ecjually  apparent  when  he  turned  to  the 

investigation  of  cartilage.      Hunter  had  taught  that  absor[)- 
tion  of  tissues  was  carried  out  by  lymphatic  vessels.     Goodsir 

could   find  no  lymphatics  in    articular  cartilage,  and  yet,  as 

he  knew,  it  could  undergo  aljsorption.     Clearly,  the  lymphatics 

could  not  be  the  only  elements  concerned  in  absorption.     To 

settle    the    matter,  he    chose   for  investigation  a  joint  which 

suffered  from  caries  (tuberculosis).     Cutting  microscopic  sections 

from  the  articular  cartilage  at  the  junction  of  the  diseased  and 
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healthy  parts,  he  found  that  the  pits  in  the  cartilage — the 

areas  undergoing  absorption — were  filled  with  a  cellulo-vascular 
tissue.  He  satisfied  himself  that  these  invading  cells  were 

demolishing  the  cartilage.  He  observed  that,  as  the  invaders 

approached,  the  cartilage  cells  multiplied,  became  large, 

rounded,  and  swollen  just  as  they  did  in  the  cartilage  of  the 

epiphyseal  line  when  the  osteoblasts  and  their  vessels  invaded 

their  territory.  He  saw  that  such  enlarged  cartilage  cells 

ultimately  ruptured,  and  that  the  invading  cells  occupied  the 

spaces  thus  made.  He  believed  that  the  cartilage  cells  actually 

joined  the  invaders.  Goodsir  traced  the  origin  of  the 

"  nucleated  vascular  membrane "  which  thus  invaded  and 

demolished  articular  cartilage  to  the  vascular  margin — the 

peri-articular  plexus  of  the  joint.  The  vascular  membrane 
was  an  adventitious  or  invasive  tissue.  He  also  observed 

that,  in  the  disease  of  joints,  articular  cartilage  might  be 

attacked  from  its  deep  or  osseous  surface,  as  well  as  on  its 

free  surface.  Eruptions  might  break  through  from  Toynbee"'s 
sub-articular  plexus,  and  the  deep  and  superficial  invasions 
might  meet  and  fuse  within  the  substance  of  the  cartilage. 

By  such  a  process  the  whole  area  of  a  cartilaginous  articular 

surface  might  be  destroyed  and  replaced  by  a  fibro-vascular 
tissue. 

If  the  process  was  plain  to  Goodsir,  its  significance 

certainly  remained  a  mystery.  The  secrets  of  suppuration 

and  infection  were  unknown  in  his  time.  Yet  anyone  who 

has  watched  a  pannus  spread  across  the  cornea  to  reach  an 

injured  or  infected  point  has  before  him  all  the  outward 

appearance  which  Goodsir  recognised  in  tubercular  joints. 

A  non- vascular  tissue  like  articular  cartilage  is  defenceless  in 

the  face  of  an  invasion  of  micro-organisms.  On  its  deep 
surface  it  is  protected,  for  its  basal  layer  forms  so  fine  a  filter 
that  we  cannot  conceive  jjerms  enteriui^  it  from  that  side. 

Its  free  surface,  suffused  with  a  nutritive  medium — the  synovial 
fluid — offers,  on  the  other  hand,  a  wide  and  favourable  field 

for  such  pathogenic  germs  as  may  reach  the  interior  of  the 

joint.  Under  such  circumstances  the  articular  cartilage 

depends    on    the    vascular    tissue    at   its   margin    for   defence. 
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The  vascular  tissue  responds  by  invasion ;  Goodsir  observed 

the  price  that  articular  cartilage  has  to  pay  for  its  non- 
vascularless,  defenceless  condition.  The  explanation  of  that 
condition  we  shall  see  later. 

We  have  now  to  pass  farther  north,  to  the  University  of 

Aberdeen,  to  see  the  next  important  addition  made  to  our 

fundamental  knowledge  of  articular  cartilage.  The  intro- 
duction of  the  compound  microscope  gave  the  young  men  of 

the  "  forties  "  of  last  century  their  opportunity.  Toynbee  was 
young  then,  so  was  Goodsir,  and  the  man  we  are  now  to  meet 

— Peter  Redfern — was  still  youthful  when  he  did  his  pioneer 

work  on  cartilage.^  He  was  a  Derbyshire  boy,  born  in  1821, 
and  began  his  medical  education  in  Edinburgh,  completing 

it  at  University  College,  London,  in  1844.  In  the  following 

year,  when  23  years  of  age,  he  was  called  to  King's  College, 
Aberdeen,  to  fill  the  chair  of  Anatomy  and  Physiology.  It 

was  some  vears  after  his  arrival  in  that  northern  city  that  he 
beiran  the  researches  which  concern  us.  He  obtained  material 

from  the  Infirmary  and  made  an  accurate  microscopic  survey 

of  the  articular  cartilage  from  thirteen  patients  who  suffered 

from  disease  of  their  joints — four  of  them  being  cases  of 
chronic  rheumatism.  He  followed  up  these  investigations  by 

a  series  of  ninety  experiments  on  the  healing  of  cartilage — 
peiformed  chiefly  upon  dogs.  These  experiments  began  in 
1849  and  were  finished  in  1851,  and  show  an  uncommon 

ability  for  research.  One  marvels  how  it  came  about  that 

Professor  Redfern,  who  was  destined  to  outlive  all  the  pioneers 

who  made  the  microscope  a  power  in  Medicine — he  died  in 
1913  at  the  age  of  91 — left  the  research  which  we  are  now 
merely  to  tjlance  at  as  almost  his  sole  contribution  to 

knowledge. 

We  are  chiefly  interested  in  the  observations  he  gathered 

from  his  experiments  on  animals.  Incisions  which  he  made 

in  the  articular  cartilage  of  the  patella  or  of  the  condyles  of 

the   fenmr,   remained   open  and   unhealed   for  many   months, 

'  A  Xormal  Xutrifion  in  Human  Articular  Cartilage,  Edinburg-li,  1850. 

"  On  the  Healing  of  Wounds  in  Articular  Cartilage,"  Month.  Journ,  Med. 
Sc,  1851,  vol.  xiii.  p.  201. 
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and  yet  the  animal  could  use  the  joint  normally  and  never 

manifested  any  sign  of  pain.  When  an  incision  in  the 

cartilage  did  ultimately  heal,  repair  was  effected  by  means 

of  fibrous  tissue,  not  by  the  reproduction  of  cartilage.  Red- 
fern  believed  that  the  fibroblasts  which  filled  the  breach  were 

derived  from  neighbouring  cells  —  were  modified  cartilage 
cells ;  but  we  note  that  his  incisions  which  reached  or  nearly 
reached  the  margin  of  the  cartilage  healed  much  sooner  than 

those  which  were  isolated  and  plaeed  at  some  distance  from 

the  peri-articular  tissue.  Repair,  we  suspect,  was  effected  by 
an  invasion  from  the  vascular  fringe.  He  noted  that  only 

the  cells  in  the  immediate  vicinity  of  the  incision  or  on  the 

edges  of  the  breach  made  by  applying  a  cautery  showed  any 

reaction — multiplication  and  enlargement.  Cells  lying  3  mm. 
beyond  the  area  of  destruction  showed  no  reaction.  In  this 

respect  articular  cartilage  differs  from  all  other  tissues.  In 

vascularised  tissues  the  reaction  extends  far  beyond  the  site 

of  injury,  but  articular  cartilage  is  a  loosely  organised  com- 
munity of  separated  cells ;  neighbours  make  little  or  no 

response  when  their  fellows  are  injured.  If  he  removed  part 

of  a  dog's  limb  by  amputating  at  a  joint  he  observed  that  the 
cartilage  covering  the  articular  end  of  the  stump  became  pitted 

beneath  the  fiaps  which  covered  it.  From  Redfern  we  learn 

that  articular  cartilage,  unlike  bone,  has  no  power  to  effect 

repair  by  reproduction  of  its  own  substance. 

The  experiments  which  Redfern  carried  out  on  costal 

cartilage  are  particularly  instructive.  One  of  these  was  to 
thrust  a  needle  threaded  with  a  silk  ligature  through  a 

cartilage  and  then  tie  the  ligature  so  as  to  enclose  lialf  the 

thickness  of  the  cartilage  within  its  grip.  In  three  days 

the  cartilage  cells  within  the  ligature  had  died  ;  the  ligature 

came  away  spontaneously,  and  an  open  fissure  was  thus  pro- 
duced. The  fissure  thus  occasioned  alwavs  deepened  until  only 

the  perichondrium  on  the  pleural  aspect  held  the  ends  together. 

The  gap  was  filled  up  in  time  by  fibrous  tissue,  never  by 
cartilage.  If  he  included  the  entire  thickness  of  the  cartilage 

within  his  ligature,  all  within  the  ligature  disappeared  in  four 

days,  a  gap  remaining  in  the  cartilage  which  was  never  filled. 
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From  this  series  of  experiments  we  can  draw  three  important 

inferences  :  (1)  that  if  we  apply  continuous  pressure  to 

cartilage  cells  they  will  die  in  three  days;  (2)  that  in  the 

process  of  dying  the  cells  and  their  intercellular  tissue  melt 

and  disappear;  (3)  that  cartilage  cells  are  destitute  of  the 

powers  of  repair. 
His  observations  on  the  microscopic 

structure  of  cartilaijc  affected  bv  the 

condition  which  passes  to-day  under 
the  name  of  chronic  rheumatic  arthritis 

are  the  earliest  we  have  and  cannot  be 

passed  by  without  mention.  He  was 
familiar  with  the  three  strata  of  cells 

which  can  be  recognised  in  every  section 

of  articular  cartilage.  The  deepest 
stratum,  next  the  bone,  has  its  cells 

arranged  in  vertical  colunnis  (Fig.  7) ; 

the  superficial  stratum  has  its  cells  in 

horizontal  lines  which  lie  parallel  to 
the  articular  surface.  The  middle 

stratum  is  provided  with  large  cells, 

which  are  aiTanged  in  irregular  groups. 

In  rheumatic  joints  Jiedfern  found 

(Fig.  7)  that  the  supei-ficial  stratum 
or  zone  was  greatly  thickened  and  its 

structure  completely  changed.  It  had 

become  a  rugged  fibro-cartilage.  The 
cells  of  the  middle  zone  or  stratum 

had  formed  large  groups  of  swollen 

cells.  The  interpretation  of  these 

appearances  we  shall  try  to  explain 

presentlv.  Meantime,  w(.>  note  that 
Kedfern  attril)uted  them  to  a  disturbed  nutrition  of  the 

cartilage. 

It  was  by  a  mere  coincidence  that  the  next  important 

addition  to  our  knowledge  of  articular  cartilage  in  tiiis  country 

was  made  in  Aberdeen.  Long  before  Sir  Alexander  Ogston  be- 
came a  medical  student,  Profesor  Redfern  had  vacated  the  chair 

Fig.  7. — Vertical  section  of 
articular  cartilage  to  show 

the  three  strata  of  cells — 

adapted  from  illustrations 
given  by  Redfern  and  by 

Ogston. 
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in  Aberdeen  to  occupy  one  in  Belfast.     We  have  already  seen 

that  Ogston  introduced  an  ingenious  operation  for  knock-knee 
in   1875,  and  it  was  while  planning  this  operation   that  his 

attention  was  drawn  to  an  essential  point  in  the  physiology  of 

joints.     The  question  he  put  to  himself  was  this :  How  is  the 

wear  and  tear  of  articular  cartilage  made  good  ?     All  mechani- 
cal  joints    wear   out  by  friction  ;     why  do    the  joints  of  the 

animal  body  not  wear  out  by  use  ?     One  would  have  thought 

the  question  which  young  Ogston  put  to  himself  in  1875  was 

one  which  had    been    answered    long  before    that    date.     An 
account  of  the  researches  on  which  his  answer  is  based  will 

be  found  in  the  Journal  of  Anatomij  and  Phi/siology}    Ogston, 

as  his  predecessors  had  done,  noted  the  three  zones  of  articular 

cartilage — the   basal  with  its  vertical  columns  of  cells  reach- 
ing down  to  the  bone,  the  superficial  with  its  cells  in  horizontal 

strata,  and  the  middle  with  its  irregular  groups  of  cells.     Ogston 

interpreted  these  appearances  to  mean  that  the  middle  zone 

was  germinal  or  reproductive  in  nature  ;  it  was  a  growth  zone 

which    fed    both    the    superficial    and    the    deep    zone.      The 

additions  to  the  surface  zone  made  good  the  frictional  waste 

which  resulted  from  movement.      He    conceived  that  the  deep 

zone    also    required    repletion,  because,   all    through    life,  the 

deeper  cells  of  the  column  were  being  taken  up  by  the  under- 
lying stratum  of  epiphyseal  bone.      He  conceived  that  growth, 

rearrangement,  and  absorption  were  processes  which  went  on 

in  the  epiphyseal  ends  of  bones  all  through  life.      He  thought 

that  the  appearances  seen  in  diseased  joints,  particularly  those 
affected  with  rheumatoid  arthritis,  could  not  be  accounted  for 

unless  it  was  presumed  that  the  basal  layer  of  articular  cartilage 

was  being  continually,  if  slowly,  consumed  by  the  bone. 

At  the  present  time  the  problem  of  repair  of  joints  is  much 

in  the  position  it  was  left  in  by  Ogston  forty  years  ago.  It  is 

closelv  linked  with  another  important  problem  :  "  How  are 

our  joints  lubricated.^"  Entiineers  have  striven  hard  to  invent 
a  perfect  system  of  lubrication.  The  ideal  system  of  which 

they  are  in  search  is  one  to  surround  the  revolving  axle  by  a 
fine  and   uniform    film    of  lubricant   oil.      Pressure,  however, 

^  Journ.  Anat.  and  Physiol.,  1876,  vol.   x.  p.  49  ;    187S,  vol.  xii.  p.  503. 
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causes  the  axle  to  work  against  one  or  other  side  of  the  bush, 

thus  squeezing  out  the  oil  from  the  area  at  which  the  chief 

friction  takes  place.  The  difficulty  has  been  partially  overcome 

by  forcing  the  lubricant  into  a  joint  at  a  sufficient  pressure  to 

separate  the  axle  from  the  bush  by  a  uniform  film  on  all  sides. 

But  even  with  an  ideal  lubricating  system  metallic  joints  wear 

out.  In  this  case,  as  in  so  many  others,  Nature  has  successfully 

solved  the  problem  and  secured  the  ideal  system  ;  our  joints 

are  furnished  with  cartilaginous  bushes  which,  in  the  absence 
of  disease,  never  wear  out  and  which  at  all  times  are  coated 

with  a  uniform  film  of  perfect  lubricant. 

We  must  first  of  all  form  a  definite  conception  of  how 

growth  takes  place  in  cartilage  if  we  would  rightly  understand 

how  the  waste  in  joints  from  friction  is  made  good.  The 

examination  of  a  section  across  a  costal  cartilage  provides  us 

with  a  clue.  The  cells  in  the  centre  or  core  of  the  cartilage 

are  lary;e  and  swollen ;  a  cartilage  cell  in  that  condition  is  one 

about  to  undergo  disruption — licjuefaction.  We  can  give  a 
rational  interpretation  of  the  appearances  presented  by  such  a 

section  only  if  we  suppose  that  the  /one  of  cartilage  cells  which 

lies  immediately  under  the  perichondrium  serves  as  a  cambium 

or  growth  zone  from  which  fresh  broods  of  cells  are  slowly  pro- 
duced. From  this  circumferential  growth  zone  cells  jjass  in  two 

directions — fi-om  its  outer  or  superficial  aspect  cells  are  added 
to  the  perichondrium  ;  from  its  inner  or  deep  aspect  cells  are 
added  to  the  central  area  or  core  of  the  cartilage.  These  two 

broods  of  cells — the  "central"  and  "peripheral" — undergo 
different  fates  :  the  central  miilti[)ly,  enlarge,  and  deliquesce, 

thus  providing  a  highly  elastic  core  for  the  cartilages  in  youth  ; 

the  peripheral,  as  they  become  embedded  in  the  strata  of  the 

pei-ichondrium,  shrivel,  become  mere  streaks  of  granules,  and 

finallv  disaj)pear.  We  have  seen  from  Redfern's  experiments 
that  the  natural  termination  of  cartilage  cells  is  delicjuescence. 

Growth  and  nuiltiplication  of  cells  is  an  extremely  slow 

process  in  cartilage — slower  than  in  any  other  tissue  of  the  body  ; 

we  must  also  presume  that  absorption,  as  in  bone,  is  also  at 

work,  the  one  process  balancing  the  other  in  cartilaginous 

structures  of  tlie  adult.      If  we  now  apply  to  articular  cartilage 
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the  interpretation  which  has  been  suggested  by  the  appearance 
of  costal  cartilage  we  arrive  at  the  following;  conclusions  : 

A  vertical  section  of  articular  cartilage  reveals,  as  we  have 

already  seen,  three  zones — a  basal  with  vertical  columns  of 
cells,  a  superficial  with  horizontal  strata,  and  a  middle  with 

large  cells  in  irregular  groups.  Such  an  arrangement  of  cells 

suggests  that  cartilage  cells,  like  bone  cells,  are  sensitive  to  the 

forces  which  act  through  the  axial  skeleton  of  the  limbs.  Those 

of  the  superficial  zone  are  subject  to  the  frictional  or  rubbing 

effects  developed  at  the  articular  surface  and  are  arranged 

horizontally  ;  the  basal  zone,  with  its  vertical  column  of  cells, 

is  concerned  in  the  transmission  of  weight  from  the  cartilage 

to  the  bone  ;  while  the  middle  zone,  with  its  irregular  groups 

of  cells,  is  subjected  to  incident  stresses  of  a  mixed  kind. 

When  the  cells  of  the  superficial  zone  are  closely  examined 

it  is  seen  that  they  present  the  same  form  and  the  same  gradu- 
ated arrangement  as  those  of  the  perichondrium.  The  surface 

of  healthy  articular  cartilage  is  not  really  smooth  and  polished  ; 

under  the  microscope  its  free  margin  presents  an  uneven  or 

serrated  outline  at  whicli  a  process  of  erosion,  or,  to  speak 

more  correctly,  liquefaction  is  taking  place.  The  surface  film 

of  the  cartilage,  made  up  of  the  granular  debris  of  cartilage 

cells  and  of  intracellular  substance,  is  being  worn  away — rubbed 

down  so  as  to  form  a  joint  lubricant.  The  cells  of  the  super- 
ficial zone,  then,  are  being  continually  worn  away,  as  Ogston 

supposed,  and  by  their  liquefaction  are  providing  a  perfect  film 
of  lubricants  over  the  whole  articular  surface. 

When  we  examine  the  form  and  the  arrangement  of  the 

cells  of  the  middle  zone  we  cannot  fail  to  be  impressed  by  the 

resendilanccs  they  present  to  those  of  the  core  zone  of  a  costal 

carfilage.  The  middle  zone  of  an  articuhir  cartilage  is  one  in 

which  the  cells  divide,  enlarge,  become  swollen,  and  disappear. 

The  remarkable  resilience  of  articular  cartilage  is  due  to  the 

presence  of  the  intermediate  zone.  It  is  a  soft  elastic  cushion 

inserted  between  the  superficial  and  basal  zones.  It  is  a  zone, 

not  of  production  as  Ogston  postulated,  but  one  of  deliquescence. 

Its  cells  are  apparently  derived  from  the  deepest  stratum  of  the 

superficial  zone  which  we  therefore  regard  as  a  cambial  or  growth 
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layer.  On  one  side  it  makes  good  the  waste  in  the  surface 

stratum  due  to  friction  ;  on  the  other,  the  absorption  or  lique- 
faction which  takes  place  in  the  middle  zone.  It  is  also  possible 

that  cells  are  added  to  the  middle  zone  from  the  ends  of  the 
vertical  columns  of  the  basal  zone. 

We  have  been  discussing  the  maimer  in  which  the  frictional 

waste  of  joints  is  made  good  ;  the  degree  of  waste  will  depend 

on  the  amount  of  work  done  by  the  joints.     We  now  turn  to 

the  system  of  lubrication,  selecting  the  knee-joint  as  a  basis  for 
our   discussion.     Only  small    areas    of  the    opposed   articular 

surfaces  of  the  femur  and  tibia  are  in  actual  contact  at  any 

stage  of  a  movement ;  the  areas  not  in  contact  are  covered  by 

the  synovial  membrane,     A  synovial  membrane  is  a  cartilage 
covered  and  therefore  a  lubricating  structure.     Every  area  of 
the  articular  surfaces,  both   before  and    after  it  has  been    in 

frictional  contact,  comes  against  the  synovial  linino;  membrane 

of  the   joint.      In    order    to  make    certain    that  the   synovial 

membrane  will  lill  the  various  crevices  and  inequalities,  which 

alter  at  each  phase  of  the  moving  knee,  it  has  been  set  on  soft 

pads  of  semi-Huid  fat  and  thi'own  into  flexible  folds  and  fringes. 

The  hip-joint  is  furnished  with  a  "  Haversian  bursa  "  of  fat,  and 
the  knee  is  provided  with  a  sul)patellar  pad.     A  vacuum  camiot 

occur  in  these  or  in  any  other  joint,  because  svnovial-covered 

semi-fluid  masses  of  fat  pass  in  and  fill  every  vacant  cranny.    The 
surface  of  the  synovial  membrane  is  plastered  over  by  a  delicate 

layer  of  cartilage  of  a  cellular  texture,  recalling  in  character 

the  appearance  assumed  by  a  fragment  of  costal  cartilage  which 

has  been  grafted  for  some  time  in  sulx-utaneous  tissue.     No  one 
doubts  that  synovia,  the  lubricant  fluid  of  joints,  is  formed  by 
a  liquefaction  of  the  liquid  cells  of  the  synovial    membrane. 

They  are  the  chief  source  of  the  lubricant,  which  is  ap{)lied  to 
articular  surfaces  as  they  rub  against  the  membrane,     liut  I  do 

not  think  that  the  membrane  is  the  only  source  of  supply.     The 

end  product  of  the  superficial  cells  of  the  articular  cartilage  is 

also  synovia,  produced  in  the  form  of  a  lubricant  surface  film. 

Every  movement  of  the  joint  produces  a  new  film  as  it  rubs  ott' 
the   old.     How   far  synovial  fluid   may   serve   to   nourish    the 

cartilage  of  the  joint  we  do  not  know.     We  know  that  when  it 



302  MENDERS  OF  THE  MAIMED 

is  infected  it  becomes  an  excellent  medium  for  the  cultivation 

of  micro-organisms.  Normally  it  is  absorbed  by  the  vascular 
fringes  of  the  lining  membrane  of  the  joint. 

When  we  apply  the  conception  of  growth  and  lubrication, 

just  outlined,  to  the  microscopic  appearance  presented  by  the 

articular  cai'tilage  in  cases  of  chronic  rheumatic  arthritis  we 
find  that  many  of  the  pathological  changes  receive  for  the 

first  time  a  rational  explanation.  In  all  chronic  forms  of 

arthritis,  a  condition  of  the  articular  cartilage  and  of  the 

synovial  membrane  is  produced  which  is  exactly  similar  to 

that  disease  of  the  skin  we  name  ichthyosis :  the  super- 
ficial epithelium  adheres  and  the  epidermis  thickens  because 

their  cells  are  no  longer  eliminated  by  cornification  and  shed- 
ding. In  arthritis  the  superficial  stratum  of  the  joint  surface 

no  longer  ripens  into  synovia ;  the  nutritional  system  of  the 

joint — a  system  we  are  ignorant  of — is  so  far  damaged,  or 
the  nutritional  fiuid  supplied  from  the  blood  so  altered,  that 
the  articular  zone  becomes  fibrous  and  cannot  be  rubbed  off 

and  liquefied  by  normal  frictional  movements.  The  middle 

zone  of  the  articular  cartilage  becomes  studded  with  overgrown 

broods  of  cells.  Presently  the  frictional  forces  generated 

between  the  fibrous  and  roughened  surfiices  of  the  articular 

cartilages  of  the  joint  alter  the  stresses  which  normally  fall 

on  the  adjacent  osteoblasts  of  the  epiphyses.  We  liave  seen 

how  sensitive  osteoblasts  are  to  pathological  or  abnormal 

stress.  They  react  and  produce  the  irregularities  of  the  arti- 

cular ends  of  bones — the  irregularities  so  well  described  by 
Ogstonand  Arbuthnot  Lane. 

We  have  left  but  little  space  to  bring  our  knowledge  of 

articular  cartilage  up  to  date.  Its  experimental  transplanta- 

tion was  first  iuvosti"-atcd  bv  Oilier,^  and  almost  at  the  same 

time  by  that  experimental  genius  Paul  Bert.-  Oilier  found 

that  grafts  of  perichondrium  pi-oduced  no  cartilage,  nor  would 
grafts  destitute  of  perichondrium  live  when  transplanted  from 

one  animal  to  another.     Cartilage  provided  with  its  jjerichon- 

'  Trcxite  Expdrirncntal  ct  Clinique  de  la  Kc'gi'nt' ration  des  Os,  Paris,  1868. 

-  Recherches  Expdrimentales  de  la    Vitality  propre  des  Tissus  Ani?naux, 
Paris,  1866. 
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drium,  he  found,  could  be  successfully  grafted,  but  the  graft 

never  reproduced  cartilage.  He  found  that  slices  of  articular 

cartilage  underwent  a  fattv  degeneration  when  grafted  in  sub- 
cutaneous  tissue.  Cartilaginous  growth  discs  from  the  limb 

bones  of  young  animals  never  proceeded  to  reproduce  bone 

when  he  grafted  them.  Bert  transplanted  spinal  or  caudal 

segments  of  rats,  and  observed  that  the  cartilaginous  elements 

of  such  grafts  grew  after  transplantation. 

The  modern  literature  on  the  behaviour  of  cartilage  and 

of  the  articular  ends  of  bone  when  transplanted  is  too  exten- 
sive to  be  summarised.  The  movement  which  aims  at  trans- 

plantation of  joints  was  initiated  Ijy  Lexer  in  1907.  The 
total  result  of  that  movement  has  been  to  demonstrate  that 

articular  cartilage  can  be  successfully  transplanted — if  it  is 
still  left  in  situ  on  the  articular  end  of  the  bone.  To  secure 

this  success,  two  conditions  at  least  are  necessary  :  (1)  That 

in  its  new  site  the  cartilage  is  enclosed  within  a  synovial 

cavity — any  part  exposed  to  a  non-synovial  surface  undergoes 
absorption  ;  (2)  that  the  graft  is  taken  from  the  body  of  the 

"  graftee."  So  sensitive  is  cartilage  to  circulating  media  that 
only  those  of  the  host  meet  its  needs.  The  cartilage  of  the 

growth  discs  are  even  more  sensitive  to  hormones  and  pressures  ; 

transplantation  of  a  bone  always  damages  the  cells  of  the 

gi'owth  disc.  Finally,  there  is  the  recent  experience  of 
Morestin.^  He  has  utilised  grafts  of  living  costal  cartilage  to 
repair  defects  in  the  cranial  wall  and  in  the  facial  skeleton, 

and  finds  that  such  grafts  hold  and  retain  their  health,  life, 

and  ])ulk  for  years  after  transplantation.  It  is  very  possible 

that,  as  in  the  case  of  bone,  certain  stresses  are  necessary  to 

call  forth  the  growth  energy  of  cartilage  cells.  It  is  possible 

that  the  failure  to  obtain  reproduction  and  growth  in  the 

cells  of  transplanted  cartilage  is  due  to  the  fact  that  such 

grafts  are  not  subject  to  normal  strains  and  sti'esses. 

'  "  Lcs   Transplantations    Cartilagineiises   dans   la  Chirurgie   Repara- 

trice,"  Bull.  Acad,  de  mi'd.,  Paris,  1916,  tome  Ixxv.  p.  640. 



CHAPTER   XX 

BONE-SETTING— ANCIENT  AND  MODERN 

Owing  to  the  present  interest  in  "  manipulative  surgery  " — the  art  of the  bone-setter — I  have  been  moved  to  examine  the  status  and  practice 

of  representatives  of  the  craft  during  the  time  of  Cheselden,  Hunter, 

Hilton,  Paget,  and  of  present-day  surgeons.  The  results  of  my  inquiry 

are  given  in  the  opening  part  of  this  chapter.  I  then  trace  the  origin 

of  our  knowledge  concerning  internal  derangements  of  the  knee-joint — for 

it  is  disorders  of  the  knee-joint  which  have  provided  and  still  provide 

"  manipulative  surgeons  "  with  the  chief  part  of  their  practice.  Our  know- 
ledge of  the  condition  and  of  the  best  means  of  treating  it  are  shown  to  be 

discoveries  of  William  Hey  of  Leeds,  Thomas  Annaiidale  and  Dr.  W.  Scott 

Lang  of  Edinburgh,  and  the  host  of  surgeons  of  the  present  day  who  have 

had  opportunities  of  studying  a  condition  by  methods  which  were  not 

available  in  the  days  of  their  predecessors. 

IN  1745,  when  Prince  Charlie  was  unftn-ling  the  Jacobite 

flag  in  Scotland,  a  rebellion  of  a  totally  different  character 

was  afoot  in  London.  The  surgeons,  who  had  been  linked 

with  the  barbers  for  centuries,  were  petitioning  Parliament 

to  set  them  free  from  the  "  Masters  or  Governors  of  the 

Mystery  and  Commonalty  of  the  Barbers  and  Surgeons  of 

London."  They  were  willing  to  sacrifice  all  claims  to  the 
worldly  wealth  of  the  old  City  Guild  or  Company  if  only 
Parliament  would  set  them  at  liberty  to  work  out  a  new  ideal. 

'J'heir  prayer  was  granted,  and  we  see  the  reason  of  their 
sacrifice  and  secession  in  the  title  given  to  the  new  body- 

corporate — "  The  Master,  Go\  ernors,  and  Connnonalty  of  the 

Jfi  and  Sdencc  of  Surgeons  of  London  " — which,  in  the  opening 
years  of  the  nineteenth  century,  became  the  Royal  College 

of  Suro-eons  of  England.  The  new  company  was  formed 

because  the  surgeons  of  London  had  made  up  their  minds 

to  have  done  with  "  Mystery  " ;  henceforth  there  were  to  be  no 

private,  secret,  occult  practices,  but  a  connnon  fimd  of  know- 304 
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ledge  to  which  all  might  have  access — a  fund  which  every 
member  might  see,  sample,  sift,  prove,  and,  if  possible,  increase. 
Nav,  we  have  only  to  look  at  the  record  of  a  leadini;  seceder 

— William  Cheselden,  the  first  of  the  modern  line  of  English 

surgeons — to  see  that  the  aim  of  the  new  company,  of  which 
he  was  a  first  Warden,  was  much  more  than  a  pooling  of 

personal  experience.  Arriving  in  London  from  Leicestershire 

in  1703,  being  then  a  lad  of  15,  he  became  apprenticed  to 

Cowfeld  the  surgeon,  and  in  1711,  at  the  age  of  23,  he  was 

teaching  anatomy  on  his  own  account,  and  writing  the  famous 

text-book  which  appeared  two  years  later — in  1713 — the 
first  of  many  editions.  Presently  he  was  appointed  surgeon 

to  St.  Thomas's  Hospital,  then  in  the  Borough ;  introduced 
first  the  suprapubic  operation  for  the  removal  of  stone  from 

the  bladder ;  then  he  adopted  the  perineal  route,  and  such 

was  the  dexterity  of  his  hand  and  the  accuracy  of  his  know- 
ledge of  the  anatomy  of  the  part,  that  in  54  seconds  he 

could  perform,  as  a  specimen  in  our  Museum  remains  to  show, 

the  operation  of  lateral  lithotomy.  It  was  he  who  first 

devised  a  method  of  cutting  a  new  pupil  in  the  iris.  Cheselden 

and  his  companions  realised  that,  for  the  future  welfare  of 

their  art,  not  only  must  surgeons  pool  and  publish  their 

experience,  but  it  was  also  necessary,  if  surgery  was  to  be 

regarded  by  learned  men  as  a  science,  that  they  should  found 

their  practice  on  a  complete  knowledge  of  the  structure  and 

mechanism  of  the  living  human  body.^ 
Thus  before  the  middle  of  the  eighteenth  century  was 

reached  we  find  the  apprenticed  surgeons  banding  themselves 

to  foster  a  knowledge  of  the  art  of  healing.  But  there  were 

also  then,  scattered  through  the  coimtry  districts  and  towns  of 

England  and  particularly  of  Wales,  a  class  of  practitioners, 

the  legitimate  heirs  and  sturdy  representatives  of  the  native 

British  craft  of  orthopicdic  surgery  known  to  the  public  as 

bone-setters ;  they  were  content  to  go  on  by  rule  of  thumb,  as 
their  predecessors  had  done  for  many  a  century.     The  attitude 

'  William  Cheselden  died  while  at  Hath  in  1752  at  the  age  of  64.      In  his 
later  years  he  was  surgeon  to  Chelsea  Hospital,  where  John  Hunter  followed 

him  as  a  student  in  1749-50. 
20 
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of  the  apprenticed  surgeons  to  the  rustic  craftsmen  we  can 

learn  from  Cheselden  himself.  "  Children,"  says  he,^  "  are 
sometimes  born  with  their  feet  turned  inwards,  so  that  the 

bottom  of  the  foot  is  upwards.  In  this  case  the  bones  of  the 

tarsus,  like  the  vertebra?  of  the  back  in  crooked  persons,  are 

fashioned  to  the  deformity.  The  first  knowledge  I  had  of  a 

cure  of  this  disease  was  from  Mr,  Presgrove,  a  professional 

bone-setter,  then  living  in  Westminster.  I  recommended  the 

patient  to  him,  not  knowing  how  to  cure  him  myself.  His 

way  was  by  holding  the  foot  as  near  the  natural  posture  as  he 

could,  and  then  rolling  it  up  with  straps  of  sticking  plaster, 

which  he  repeated  from  time  to  time  until  the  limb  was 

restored  to  a  natural  position.  After  that,  having  another 

case  of  this  kind  under  my  care,  I  thought  of  a  much  better 

bandage  which  I  had  learned  from  Mr.  Cowper,  a  bone-setter 
at  Leicester,  who  set  and  cured  a  fracture  of  my  own  cubit, 

when  I  was  a  boy."  Thus  we  see  that  in  Cheselden's  day 
bone-setters  were  regarded  as  the  legitimate  practitioners  of 

orthopaedic  surgery.  A  hundred  years  after  Cheselden''s  time, 
as  we  have  already  seen,  William  John  Little  was  handed  over 

to  a  bone-setter  to  have  his  club-foot  treated.  There  were 

treatises  on  bone-setting.  There  is  in  our  College  a  copy  of 
Tlie  Coj/ipkat  Boncsetier,  zchcrein  the  Method  of  Curing 

broken  Bones  and  Strains  and  Disloeafed  Jot/nts,  together 

xc'ith  Ruptures,  vulgarly  ealled  Broken  Bellijes,  is  J'ullij  demon- 
strated. The  author,  however,  was  not  a  professional  bone- 

setter,  but  a  friar,  Moulton  by  name,  of  the  Order  of  St. 

Augustine,  and  the  particular  edition  in  our  library  is  that 

which  was  "  Revised,  Englished,  and  Enlarged  by  Robert 

Turner"  in  16o() — ('romweirs  time.  We  obtain  a  glimpse  of 
the  manner  in  which  the  ranks  of  bone-setters  were  recruited 

during  the  Connnonwealtli  in  the  preface  which  Robert  Turner 

wrote  for  this  edition  of  Friar  Moulton's  book.  He  had  not 
composed  and  made  this  work  plain  in  the  English  tongue,  he 

wrote,  "  to  make  Coblers  cast  away  their  Lasts  and  Awls,  and 

such  fellows,  and  straightway  turn  Doctors  " ;  lie  would  never 
write  an  English  line  on  that  account.  The  work,  he  assures 

^  The  Anatomy  of  the  Human  Body,  6th  cd.,  1741,  p.  57. 
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us,  is  intended  "  for  the  use  of  those  Godly  I  tidies,  and 
Gentlewomen,  who  are  industrious  for  the  improvement  of 

their  talent  God  has  given  them,  in  helping  their  poor  sick 

neighbours." 
In  Cheselden's  time,  then,  came  the  parting  of  the  ways. 

The  bone-setters  continued  to  ijather  their  knowledrje  in  the 

school  of  local  tradition,  guarding  their  secrets  jealously  from 

all  but  their  apprentices.  They  were  content,  like  moles,  to 

work  in  the  dark  without  trying  to  discover  why  the  means 

they  emploved  sometimes  succeeded  and  at  other  times  failed. 

The  apprenticed  surgeons,  on  the  other  hand,  set  their  affairs 

to  ensure  for  their  successors  and  for  the  public  a  common- 
wealth of  knowledge ;  it  became  the  bounden  duty  of  each 

member  of  the  new  company  to  improve  and  increase  the 

common  fund  by  discovering  the  cause  of  disease,  and  by 

searching  for  a  rational  means  whereby  the  cause  might  be 

removed  or  its  effects  combated.  How  far  the  Company  of 

Surgeons  succeeded  in  attaining  that  ideal  is  another  matter. 
Hunter  followed  Cheselden.  He,  too,  had  an  intimate 

acquaintance  of  the  empirics  in  Medicine.  In  Hunter's  time 
Mrs.  Mabb  drove  her  carriage  and  four  into  London  "  to  take 

charge  of  the  dislocated  limbs  of  the  nobility  and  gentry,"  but 

the  instance  I  cite,  to  illustrate  Hunter's  attitude  towards 
empirical  practice,  is  taken  from  his  experience  with  a  Mr. 

Plunkett,  who  had  compounded  a  much-vaunted  nostrum,  con- 

taining arsenic,  for  the  cure  of  cancer.  "  I  was  desired," 
Hunter  told  his  students,  "  to  meet  Mr.  I'lunkett,  to  decide  on 
the  propriety  of  using  his  medicine  in  a  particular  case.  I 

have  no  objection  to  meet  anybody.  It  was  the  young  one  ; 

the  old  one  was  dead,  and  might  have  died  himself  of  a  cancer, 

for  aught  I  know.  I  asked  him  what  he  intended  to  do  with 

his  medicine.  He  said,  '  To  cure  the  patient.'  '  Let  me  know 

what  you  mean  by  that,'  I  said.  '  Do  you  mean  to  alter  the 
diseased  state  of  the  parts .''  Or  do  you  mean  by  your  medicine 

to  remove  the  parts  diseased  ?  '  'I  mean  to  destroy  them,'  he 

replied.  '  "Well,  then,  that  is  nothing  more  than  I  or  any 
other  surgeon  can  do  with  less  pain  to  the  patient.'"  Hiniter 
then  proceeds  to  tell  how  "  poor  VVoollette,  the  engraver,  died 
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under  one  of  those  cancer-curers "" — but  there  is  no  need  to 
follow  him  further.  The  instance  cited  shows  that  Hunter, 

conscious  that  he  could  not  cure  cancer,  was  ready  to  meet 

and  cross-examine  the  man  who  claimed  he  could  stamp  out 
that  dire  disease.  On  another  occasion,  Thurlow,  the  Lord 

Chancellor  of  England,  asked  Taylor  of  Whitwortli,  a  rustic 

practitioner,  to  attend  his  brother,  the  Bishop  of  Durham,  on 
account  of  a  diseased  condition  of  the  rectum.  Hunter  was 

invited  to  meet  the  empiric,  but  was  late.  Taylor  Avas  asked 

to  proceed  without  Hunter,  but  he  refused,  saying  "  he  would 
do  nothing  till  Jack  Hunter  came,  for  he  had  no  opinion  of 

any  but  him."  Hunter  having  arrived,  Taylor  made  his  ex- 
amination, and,  declaring  it  to  be  a  bad  case,  passed  a  candle 

besmeared  with  ointment.  Hunter  took  up  the  box  and  asked 

what  the  ointment  was  made  of.  "  That,"  said  Taylor,  turn- 
ing to  the  Chancellor,  "  is  not  a  fair  question.  No,  no, 

Jack,  111  send  you  as  much  as  you  please,  but  I  won't  tell  you 
what  it's  made  of."  The  business  man  who  has  not  fathomed 

the  reason  which  induced  medical  men  to  drive  "  mystery  " 
from  their  art  and  practice  will  condone  the  reticence  of  the 

rectal  quack  and  condemn  the  surgeon's  curiosity.  And,  in- 
deed, in  one  small  respect  Hunter  deserved  that  answer  from 

Taylor,  for  on  the  opposite  page  to  that  from  which  the  above 

quotation  is  taken  ̂   is  a  letter  to  his  old  pupil,  Jenner,  about 
the  preparation  of  tartar  emetic  which  Jenner  had  just  dis- 

covered, and  of  which  he  proposed  to  publish  a  full  descrip- 

tion. "  I  would  desire  you  to  bui'u  your  book,"  Hunter  told 

him,  "  for  you  will  have  all  the  world  making  it."  There  still 

remained  something  of  the  "  old  Adam  "  in  Hunter,  which  is 
the  more  strange  when  we  rememl)er  that  he  bestowed  on 

surgery  a  bigger  legacy  of  knowledge  than  all  the  men  of  his 

generation  put  together.  .Jenner,  who  was  his  pupil,  would 

never  have  dreamed  of  keeping  back  the  best  he  had  to  give 

his  professional  brethren,  nor  would  Hunter's  ardent  disciple — 
Lister — have  countenanced  such  an  attitude.  As  time  went 

on,  the  difference  of  motive  between  professional  and  quack 

becomes  ever  more  marked,  but  even  at  the  present  time  a 

^  Hunter's  Li/e,  by  Oltlcy,  Palmer's  edition  of  Hunter's  U'oris,  vol.  i.  p.  87. 
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large  proportion  of  educated  men  and  women  are  still  ignorant 
of  the  altruistic  motives  which  have  led  to  our  medical  know- 

ledge becoming  a  professional  trust  for  the  public  welfare. 

We  have  obtained  a  glimpse  of  the  status  and  practice  of 

bone-setters  in  England  during  the  eighteenth  century  through 
incidents  culled  from  the  lives  of  Cheselden  and  of  Hunter. 

We  are  now  to  note  their  presence  and  practice  in  the  nine- 

teenth century.  Hilton  had  experience  of  the  bone-setter''s 
practice  of  his  time,  and  had  not  a  good  word  to  say  for  it. 

"  Only  the  other  day,"  he  wrote,^  "  I  had  a  handsome  present 
sent  to  me  from  a  voung  lady  of  a  pair  of  crutches  which  I 

had  lent  to  her  some  four  or  five  years  ago.  She  had  then 

a  severe  disease  of  the  hip-joint.  I  gave  mvself  a  great  deal 
of  trouble  about  her,  and  I  believe  I  placed  her  joint  in  a 

comparatively  healthv  condition.  Her  note  to  me  was — her 
compliments,  and  she  sent  back  the  crutclies,  having  got  well 

after  nine  months'  treatment  under  a  distinguished  rubber  at 
Brighton.  She  had  been  under  my  care  for  a  considerable 

period,  and  no  doubt  she  completely  recovered  by  five  months' 
further  rest  and  (|uiet  at  Brighton."  Hilton,  you  observe, 
refuses  to  credit  the  bone-setter  with  any  share  in  the  cui'e. 

He  relates  another  case  ̂  — "  the  daughter  of  a  grocer,  suffering 

from  severe  hip-joint  disease" — in  whom  he  had  succeeded  in 
ellecting  a  cure  by  bringing  about  an  anchylosis  of  the  joint. 

"  I  lost  sitjht  of  the  girl  for  some  time,  when  the  late  Dr. 

Barlow  said  to  me,  '  I  wish  you  would  call  at  Mr.   's ;  his 

daugliter  is  now  very  ill,  and  she  wishes  to  see  you.'  I  called, 
and  as  soon  as  she  saw  me  she  burst  into  tears  and  said,  '  I 
am  sure  soon  to  die,  and  I  am  anxious  to  express  to  you  my 

deep  regret  that  I  did  not  follow  your  advice.  AVhen  I  left 

your  care  I  had  a  stiff  liiji-joinf,  and  you  advised  me  to  be 
satisfied  with  that  state.      Following  the  advice  of  my  friends, 

I   went  to  Mr.    ,  who   said    he  could  cure  my  stiff  joint 

and  make  ih  movable.''  This  gentleman  employed  a  great 
deal  of  force  in  older  to  distort  and  break  down  the  bony 

union ;  fresh  mischief  was  set  up  which  resulted  in  large 

suppuration,  so  extensive  as    to   resist    all    subsequent    treat- 

'  Rest  and  Pain,  4th  ed.,  p.  75.  '■  Ibid.,  p.  412. 
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ment."     In  that  case  Hilton  rightly  attributes  disaster  to  the 
ignorance  of  the  bone-setter. 

In  1824,  when  Hilton  commenced  the  study  of  Medicine 

at  Guy's  Hospital,  Dr.  John  Shaw  of  the  Windmill  Street 
School  was  devoting  his  attention  to  the  treatment  of  spinal 

deformities.  At  that  time  the  care  of  bodily  deformities, 

particularly  those  of  the  spine,  was  largely  in  the  hands  of 

bone-setters,  and  hence,  in  the  course  of  his  practice,  Dr.  Shaw 
became  familiar  with  their  successes  and  their  failures.  We 

have  seen  how  he  successfully  unravelled  the  manner  in  which 

lateral  curvature  was  produced,  and  how  he  searched  for  the  best 

means  of  preventing  and  of  curing  the  disorder.  During  that 
search  he  came  to  the  deliberate  conclusion  that  the  results 

obtained  in  cases  of  lateral  curvatures  by  bone-setters  or 

rubbers  ̂   by  means  of  friction  and  kneading  and  by  movement 
and  exercise  were  better  than  the  results  obtained  by  fully 

trained  medical  men  who  adopted  the  principle  of  rest — the 
principle  which  Hilton  was  destined  to  champion. 

John  Shaw  was  not  blind  to  the  self-deception  with  which 

the  bone-setters  of  his  time,  as  of  every  other  period,  were 

afflicted.  "  Now  it  happens,"  said  he,  "  that  some  of  the 
rubbers  appear  to  do  good  by  what  seems  to  me  to  be  mere 

parade,  as  when  in  finishing  their  operation  they  pretend,  by 

certain  manipulations,  to  put  bones  and  muscles  into  their 

proper  places.  They  pretend  to  push  the  bones  of  the  spine 

back  into  place  after  the  vertebrae  have  been  '  softened  to  a 

"  jelly  ■■  by  an  hour's  hard  rubbing."  Rubbing  to  soften  and 
then  the  replacing  of  a  bone  which  was  never  out  of  its  normal 

position  has  been  the  standing  practice  of  the  British  bone- 
setter  for  centuries,  and  has  descended  to  their  representatives 

in  London  to-day.  "  We  have  only  to  witness,"  Dr.  Shaw 
wrote,  "  the  operations  of  a  professed  rubber  to  be  convinced 
that  if  the  practice  were  superintended  l)y  one  accjuainted 

with  anatomy  and  pathology,  much  benefit  would  result  from 
it,  while  there  would  be  no  risk  to  the  patienfs  life  by  its 

indiscriminate  application."  No  one  was  more  zealous  in 
seeking  for  rational  means  of  treatment  than   Dr.   Shaw,  yet 

1  Chapter  XII. 
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in  certain  instances  he  believed  that  the  means  employed  by 

men  and  women  who  were  ignorant  of  anatomy  and  physiology 
were,  when  the  full  truth  was  known,  not  only  more  successful, 

but  founded  on  a  more  rational  method  than  that  adopted 

by  most  qualified  medical  men.  John  Shaw,  like  John 

Hunter,  never  allowed  pride  or  prejudice  to  stand  between 

him  and  the  acquisition  of  knowledge. 

When  the  British  Medical  Joui-nal  appeared  on  New 

Year''s  Day,  1867,  the  pride  of  place  was  given  to  a  lecture 
by  Sir  James  Paget  entitled  "  Cases  which  Bone-Setters  Cure." 

In  spite  of  Hilton's  advocacy  of  rest  as  the  most  efficient 
means  of  treating  injuries  and  diseases  of  bones,  joints,  and 

muscles — nay,  it  is  possible  just  because  of  his  indiscriminate 

advocacy  of  rest  as  a  panacea  for  all  forms  of  ailment — we 
learn  from  Sir  James  Paget,  the  acknowledged  leader  of  his 

profession,  that  bone-setters  not  only  were  very  nmch  alive 
in  his  time,  but  actually  prospered  as  the  century  went  on. 

Bone-setters,  we  learn,  sometimes  came  then,  as  they  do  now, 
rather  unfairly  by  their  successes.  The  surgeon  who  seeks 

the  reward  of  skill  by  treating  joint  cases  with  rest  until  all 

inriammatory  mischief  has  gone,  waiting  for  the  safe  moment 

to  come  when  the  joint  may  be  released  from  constraint,  is 

in  the  position  of  the  gardener  who  has  nursed  his  choice  pears 

to  the  point  of  perfect  ripeness.  A  thief  may  break  in  and 
reap  and  possess  the  reward  of  all  his  labour.  In  the  same 

way  the  bone-setter  does  reap,  on  many  occasions,  the  reward 

of  the  surgeon's  patience.  But  after  making  all  allowances  on 
such  a  score,  Sir  James  Paget  was  convinced  that  there  were 

a  variety  of  conditions  where  the  rubbings,  the  movements, 

the  wrenchings  of  the  bone-setter  were  more  effective  than  the 

passive  or  neglectful  attitude  adopted  by  the  qualified  and 

registered  medical  man.  Thus,  in  18(57,  Sir  James  Paget 

succeeded  in  again  comjjelling  his  professional  brethren  to 
examine  the  merits  and  dements  of  tin-  traditional  British 

practice  known  as  bone-setting. 
At  the  time  Paget  delivered  his  lecture,  Mr.  Richard 

Hutton  had  established  himself  as  a  professional  bone-setter 

in  London,  and  his  consulting-rooms  in   Wyndham   Place,  in 
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the  west  end  of  London,  were  crowded  with  patients  drawn 

from  all  grades  of  society — both  men  and  women.  He  was 
the  descendant  of  a  family  in  the  north  of  England,  which, 

like  the  Taylors,  Crowthers,  and  Masons,  had  exercised  the 

art  of  bone-setting,  from  father  to  son,  from  time  out  of  mind. 
He  had  been  a  successful  upholsterer,  and  retiring  from  that 

trade  devoted  his  leisure  time  to  applying  a  traditional  family 

skill  to  such  neighbours  as  required  and  sought  his  help. 

From  that  humble  beginning  grew  a  reputation  which  brought 

him  cases  from  all  parts  of  the  country,  and  necessitated  the 

establishment  of  consulting-rooms  in  the  west  end  of  London. 
In  the  year  1865  he  fell  seriously  ill,  and  was  attended  by 

Dr.  Peter  Hood,  who  was  then  a  busy  practitioner  in  Knights- 

bridge.  Dr.  Hood,  who  also  had  paid  special  attention  to 

the  treatment  of  sprains,  and  knew  of  Hutton's  gratuitous 
services  to  the  poor,  refused  to  accept  any  fee  for  attendance, 

whereupon  the  bone-setter  offered  to  impart  to  him  all  the 

secrets  of  his  art.  Dr.  Hood  accepted  the  gift — which  the 
fashionable  bone-setter  cherished  as  the  most  valuable  of  his 

possessions — not  for  himself,  but  for  his  son  Wharton,  who 
had  become  a  member  of  the  Royal  College  of  Surgeons  some 

ten  years  before — in  1855 — and  was  then  assisting  his  father. 
Hence  it  came  about  that  Dr.  Wharton  Hood  visited 

Hutton's  rooms,  and  from  day  to  day  watched  the  bone-setter 
treat  the  kind  of  case  which  wearies  the  patience  and  exhausts 

the  skill  of  the  legitimate  practitioner.  Wharton  Hood  found 

the  bone-setter  to  be  a  shrewd,  observant  man,  practising  his 
art  in  ffood  faith  and  convinced  that  he  could  treat  and  cure 

certain  disorders  of  joints  which  qualified  medical  men  had 

attempted  to  treat  and  failed.  For  Hutton  every  disordered 

or  stiff  joint  was  "out";  every  disorder  was  an  unrecognised 
type  of  dislocation  which  had  to  be  reduced  by  certain  forced 

movements.  "  Don't  bother  me  about  anatomy,''  he  would 
say  tartly  to  Wharton  Hood,  when  the  latter  would  point  out 

to  him  in  a  case  that  was  to  be  operated  on  that  the  bones 

were  all  in  their  normal  places.  Seizing  the  patient's  stiff 
knee,  he  would  force  it  through  certain  predetermined  move- 

ments until  a  "  click ""  occurred,  then,  with  a  smile  on  his  face, 
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as  he  fixed  the  patient's  eye,  he  would  ask  in  his  broad  dialect, 

"  Did  vou  hear  that  ?  "  Hearino;  was  believing.  "  Now,*"  said 

Hutton,  "  youVe  all  right ;  use  your  limb."  "  A  patient,"  savs 

Wharton  Hood,  "  who  came  hobbling  down  Hutton's  passage 
with  the  aid  of  crutches,  would,  in  a  quarter  of  an  hour,  walk 

out  briskly,  would  deposit  his  crutches  in  the  carriage  which 

had  brought  him,  and  walk  home." 
At  the  beginning  of  1871  Hutton  died,  and  after  his  death 

Dr.  Wharton  Hood  ̂   published  a  detailed  account  of  the  kind 

of  cases  he  treated  and  of  the  methods  he  employed.-  We 

thei'e  see,  that  in  the  latter  part  of  the  nineteenth  century 
bone-setters  no  longer  set  fractured  bones  or  reduced  disloca- 

tions ;  that  part  of  their  work  had  been  taken  over  by  qualified 
medical  men.  All  that  remained  to  them  was  the  aftermath 

of  injuries  or  diseases  of  bones,  joints,  or  muscles — lame  or  stiff 

joints  which  they  treated  by  manipulation,  rubbing,  and  move- 
ment. As  a  matter  of  fact,  Hutton  had  no  secrets  to  reveal; 

his  methods  were  those  which  were  known  and  used  by  his 

predecessors  in  Shaw's  time  and  in  Hunter's  time.  Neverthe- 
less, Dr.  Wharton  Hood  rendered  medical  men  a  service  by 

makinff-  them  certain  of  that  fact. 

We  shall  now  examine  a  typical  example  of  the  kind  of 

case  which  formed  the  staple  of  Mr.  Hutton's  practice — a 
condition  of  the  knee-joint,  which  still  provides  the  lineal 

successors  of  Mr.  Hutton  with  their  modern  triumphs  — 
nay,  the  kind  of  case  which  has  led  to  the  interposition 

of   Parliament^    on     behalf   of    the    professional    bone-setter. 

^  Dr.  Peter  Hood  died  in  iSgo  at  the  ajj^e  of  8i  ;  liis  son,  Dr.  Wliarton 

P.  Hood,  in  1916  at  the  ag-c  of  82. 
-On  Bone-Setting,  by  Wharton  P.  Hood,  M.R.C.S.,  M.D.,  1S71. 

The  Treatment  of  Injuries  by  Friction  and  Movement,  by  Whai-ton  P. 
Hood,  J 902.  Modern  Bone-Setting  for  the  Medical  Profession,  b)'  Frank 
Romer,  1915. 

^  As  a  result  of  further  representations  by  the  Injured  Soldiers'  Parlia- 
mentary Committee,  Mr.  Peto,  M.P,,  has  been  informed  by  tiie  War  Office 

that  an  Army  Council  Instruction  has  been  issued  to  all  commands  in  the 

United  Kinj^^dom  directing  that  "  no  obstacle  will  be  placed  in  the  way  of 
an  officer  or  soldier  who  desires  to  avail  himself  of  the  services  of  a  practi- 

tioner in  manipulative  surgery,  who  is  not  possessed  of  a  medical  qualifica- 

tion."—  Times,  8th  June  1918. 
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The  case   I  am   to    cite    is   told  by   Dr.    Wharton   Hood    as 

follows :  .  ' 

"  Mr.  A.  sent  for  Mr.  Hutton  again.  On  his  second  visit 
I  accompanied  him,  and  what  I  witnessed  made  a  great 

impression  on  my  mind.  We  found  the  knee-joint  env^eloped 
in  strapping ;  and  when  this  was  removed,  the  joint  was  seen 
to  be  much  swollen  and  the  skin  shining  and  discoloured. 

The  joint  was  immovable  and  very  painful  on  the  inner  side. 

Mr.  Hutton  at  once  placed  his  thumb  on  a  point  over  the 

lower  edge  of  the  internal  condyle  of  the  femur,  and  the 

patient  shrank  from  the  pressure  and  complained  of  great 

pain.  '  What  did  I  tell  you  two  years  ago  ? '  asked  Hutton. 

Mr.  A.  replied,  '  You  said  my  knee  was  out.'  '  And  I  tell 

you  so  now,"  was  the  rejoinder.  'Can  you  put  it  in.?'  said 
Mr.  A.  '  I  can,'  said  Hutton,  but  declined  to  operate  for  a 
week.  During  the  dialogue  I  carefully  examined  the  limb, 

had  satisfied  myself  there  was  no  dislocation,  and  had  arrived 
at  the  conclusion  that  rest  and  not  movement  was  the  treat- 

ment required.  At  the  expiration  of  a  week  I  went  again  to 

the  house,  INIr.  Hutton  arriving  shortly  afterwards.  '  How's 

the  knee  ? '  was  his  inquiry.  '  It  feels  easier,'  said  Mr.  A, 
'  Been  able  to  move  it  ? '  '  No.'  '  Give  it  to  me,'  said  Hutton, 

as  he  stood  in  front  of  his  patient,  who  hesitated.  '  Give  me 

yoiu'  leg,  I  say,'  repeated  the  bone-setter,  and  the  patient  obeyed 
reluctantly.  Mr.  Hutton  grasped  the  limb  with  both  hands, 
round  the  calf,  with  the  extended  thumb  of  the  left  hand 

pressing  on  the  painful  spot  on  the  inner  side  of  the  patient's 
right  knee,  and  held  the  foot  firmly  by  grasping  the  heel  be- 

tween his  own  knees.  The  patient  was  told  to  sit  steadily  in 

his  chair,  and  at  that  moment  I  think  he  would  have  given  a 

good  deal  to  have  regained  control  over  his  limb.  IVIr.  Hutton 

inclined  his  knees  towards  his  right,  thus  aiding  in  the  move- 
ment of  rotation  which  he  impressed  upon  the  legs  with  his 

hands.  He  maintained  firm  pressure  witli  his  thuml)  on  the 

painful  spot,  and  suddenly  flexed  the  knee.  The  patient  cried 

out  with  pain.  IMr.  Hutton  lowered  the  limb  and  told  him  to 

stand  up.  He  at  once  did  so,  and  declared  he  could  move  the 

leg  better,  and  that  the  previously  painful  spot  was  free  froin 
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pain.  He  was  ordered  to  take  gentle  exercise,  and  his  recovery 

was  rapid  and  complete.*"  Thus  Mr.  A.,  after  seeking  help 
from  the  leading  surgeons  of  London  during  a  weary  and 

suffering  period  of  two  years,  was  relieved  by  a  turn  of  the 

hand  i>;iven  by  a  man  who  had  never  seen  the  inside  of  a  knee- 

joint  either  in  health  or  disease.  We  must  be  honest  and 
admit — at  least  so  far  as  London  of  1876  is  concerned — that 

medical  men  were  as  ignorant  of  internal  deranfjements  of  the 

knee  as  bone-setters  were  then  and  are  now.  During  the  last 

fifty  years,  as  we  shall  see,  medical  men  have  had  every  oppor- 
tunity of  mending  that  hole  in  their  armour. 

We  have  been  confining  our  attention  to  London,  but  now, 

in  our  search  for  light  and  leading  to  help  us  in  our  task  of 

unravelling  the  mysteries  of  bone-setting,  we  turn  our  eyes 
towards  the  North.  We  have  seen  that  Owen  Thomas  came 

of  a  long  line  of  bone-setters  and  had  been  initiated  from  his 
youth  upwards  in  all  the  mysteries  of  manipulation,  movement, 

and  rubbing.  And  yet,  after  years  of  close  and  careful 

observation  in  a  field  which  provided  him  with  boundless 

opportimities,  he  was  forced  to  the  conclusion  that  the 

methods  adopted  and  applied  by  bone-setters  did  nuich  more 

harm  than  i^ood.  Sir  James  Pajjet's  announcement  in  1807 
spurred  him  to  further  observation  and  comparison,  and  after- 

wards to  use  his  pen  to  record  liis  experience.  He  had  the 

utmost  respect  for  Paget's  ability,  but  was  fully  conscious 
that  by  his  opportunities,  his  training,  and  his  experience 

he  was  better  qualified  than  the  London  surgeon  to  pass 

an  opinion  as  to  the  efficacy  of  the  methods  employed  by 

bone-setters.  We  shall  allow  Owen  Thomas  to  speak  for 
himself: 

"  During  the  last  twenty-six  years,"  he  wrote,  "  I  have 
repeatedly  tried  manij)ulatioiis  to  loosen  joints  crippled  in 

their  action,  and  have  watched  the  practice  of  (jualified  and 

unqualified  practitioners,  famed  lor  I  heir  skill  as  manipulators 

of  diseased  and  injured  joints  ;  and  again,  I  have  been  educated 

with  a  bias  in  favour  of  such  treatment,  yet,  notwithstanding 
all  this,  unmistakable  evidence  of  its  evils  has  led  me  to  discard 

it  myself,  and  to  advise  others  to  avoid  the  adventurous  treat- 
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ment  recommended  by  Sir  James  Paget." ^  "The  irony  of 
Fate,"  he  wrote  at  another  time,  "  that  she  should  have 
selected  me,  specially  trained,  to  oppose  the  teaching  main- 

tained in  times  past  from  the  chairs  of  Esculapius  in  this 

town  (Liverpool)  by  surgeons  who  are  now  enjoying  their 
endless  rest,  and  that  she  should  so  alter  mv  preconceived 

opinions." 
With  Hutton''s  success  in  treating  a  case  of  internal 

derangement  or  "slipped  cartilage"  of  the  knee  fresh  in  our 
minds,  we  turn  to  see  how  Owen  Thomas  dealt  with  this 

condition,  which  is  particularly  common  in  the  north  of 

England. 

"  The  slipping  of  a  cartilage,"  lie  says,  "  is  another  form  of 
lesion  in  which  bone-setters  are  thought  to  be  adepts,  but  here 

again  no  special  '  knack '  is  required.^  This  accident  is  so 
frequent  that  its  relief  is  attained  in  most  instances  bv  moder- 

ate force  in  any  direction  that  will  give  a  little  motion  to  the 

locked  articulation.  In  many  instances  the  procedure  for 

relieving  the  disablement  a  patient  learns  for  himself. 

"  Some  five  years  ago  I  was  consulted  by  a  clerical  gentle- 
man, who  stated  that  whilst  getting  out  of  bed  the  cartilage 

inside  his  knee  had  slipped  out  of  place,  and  the  sensation 
which  this  accident  had  caused  remained.  He  also  mentioned 

that  this  mishap  had  occurred  to  him  before  on  more  than  one 

occasion,  and  that  he  had  not,  at  any  time,  been  properly 

relieved  until  he  had  submitted  his  limb  to  the  manipulations 

of  one  of  the  metropolitan  wrenchers.  After  this  history  of 

the  case  I  examined  the  knee-joint  and  could  find  no  trace  of 

any  physiological  or  mechanical  dei'angement.  The  consulter, 
however,  said  he  felt  sure  that  there  was  some  displaced  carti- 

lage, and  as  manipulation  had  eased  him  before,  lie  wished 

it  done  again.  His  knee  was  firmly  extended,  rotated,  and 

suddenly  flexed,  which  was  done  rapidly  and  paiidessly,  for  the 

patient,  having  no  acute  pain,  relaxed  all  muscular  control 

during  our  manipulation. 

"After  an  absence  of  six  weeks  the  reverend  gentleman 

again   presented  himself,  and,  to   mv  in(|uirv,  '  How  does  the 

"^Contributions,  Part  II.  p.  75,  iSS,^.  -Ibid.,  p.  34. 
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joint  feel?'  he  replied:  'After  consulting  you,  a  feeling  of 
dissatisfaction  induced  me  to  hie  off  to  the  metropolitan 

practitioner  whom  I  had  consulted  in  my  earlier  difficulties, 

but  his  treatment  has  not  ijiven  me  ease.'  I  asked  him  to 
favour  me  with  the  details  of  the  treatment  he  had  undergone. 

The  patient  then  informed  me  that,  as  soon  as  the  specialist 

had  examined  his  knee,  he  gave  as  his  diagnosis  that  it  was 

a  case  of  displaced  cartilage  and  that  he  would  replace  it 

immediately,  which  he  attempted  to  do  by  manipulations  like 

those  I  had  performed ;  and  as  soon  as  the  operator  had 

finished,  he  said,  'Now  you  are  all  right;  get  up  and  walk,' 
which  the  patient  did,  but  found  the  discomfort  within  the 

knee  remained,  and  of  this  informed  the  practitioner,  who 

repeated  the  manipulation,  but  with  no  success.  The  manipu- 
lations were  several  times  repeated,  but  in  vain,  and  the 

sufferer  had  returned  to  consult  me  again.  On  again  examin- 
ing the  knee,  there  could  now  be  detected  a  slight  effusion  of 

fluid  within  the  joint,  and  my  advice  to  him  was  the  same  as 
that  I  had  2;iven  him  durini;  his  first  visit  to  me.  This  he 

consented  to  follow,  and  after  a  course  of  six  weeks'  treatment 
(fixation)  the  joint  appeared  normal  and  the  patient  was  not 

sensible  of  any  ailment." 
Fifty  years  have  passed  since  that  clerical  gentleman  con- 

sulted Owen  Thomas,  and  much  has  happened  since  then  to 

throw  light  on  the  exact  nature  of  his  trouble.  We  now 

know  for  certain  that  he  had  readied  a  stage  at  which  manipu- 
lations are  powerless  to  set  the  cartilages  of  the  knee  right. 

For  that  increase  of  knowledge  we  are  in  no  way  indel)ted  to 
bone-setters  nor  even  to  Owen  Thomas.  To  trace  the  com- 

mencement of  the  movement  which  led  us  to  an  understanding 

of  internal  derangements  of  the  knee-joint,  we  have  to  leave 

Liverpool  and  visit  the  busy  city  of  Leeds — Leeds  late  iii  the 

eighteenth  century — in  Hunter's  time. 
We  have  seen  how  Charles  White,  the  class-fellow  of  John 

Hunter,  spent  his  energies  in  seeking  to  raise  and  rationalise 

the  surgical  practice  of  Manchester.  The  ideals  of  Cheselden's 

"  Company  of  Surgeons  of  London  "  were  leavening  the  cities  of 
England.     Leeds,  too,  had  its  Cliarles  Wiiite — the  one-eyed, 
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but  richly  endowed  William  Hey.  He  was  apprenticed  to  a 

surgeon  in  Leeds  in  1750,  when  he  was  a  mere  lioy  of  14,  and  in 

1757  entered  St.  George's  Hospital,  London,  where  Hunter  had 
been  house  surgeon  the  year  previous  to  his  arrival.  On  return- 

ing to  I^eeds  he  took  a  leading  part  in  founding  its  infirmary 

and  in  uniting  his  colleagues  to  form  a  medical  society.  The 

kind  of  man  he  was,  the  source  from  which  he  expected  pro- 
gress to  come,  we  can  judge  from  the  fact  that  in  1801,  when 

he  was  65  years  of  age,  he  opened  a  school  in  Leeds  for  the 

dissection  of  the  human  body  and  the  teaching  of  anatomy. 

At  the  beginning  of  his  professional  life  he  formed  the  habit 

of  keeping  written  records  of  all  his  cases — a  custom  which  he 
continued  almost  to  his  death  in  1819  at  the  age  of  83.  In 
1803  he  culled  from  his  notebooks  a  selection  of  cases  which  he 

published  in  book  form  under  the  title.  Practical  Observations 

ill  Surgery^  Illustrated  with  Cases.  One  chapter  of  his  book 

has  a  particular  interest  for  us — a  chaj)ter  to  which  he  had 

given  the  heading,  "  On  Internal  Derangement  of  the  Knee- 

Joint."  Here  we  find  the  first  clear  recognition  of  a  condition 
which  has  given  bone-setters  opportunities  of  scoring  triumphs, 
not  only  during  the  hundred  years  which  have  come  and  gone 

since  Hey  laid  down  his  scalpel,  but  also  for  many  a  century 

before  he  took  it  up.  Hey  describes  four  cases  he  had  treated 

for  the  condition  to  which  he  gave  the  name  of  "  internal 

derangement  of  the  knee-joint."  I  shall  select  his  second  case 
to  illustrate  how  far  he  had  fathomed  the  nature  of  the  trouble 

he  had  to  deal  with,  and  the  success  which  attended  the  method 

of  treatment  which  he  adopted  for  its  cure. 

"In  1784,"  he  wrote,  "the  Hon.  Miss  Harriet  Ingram 
(now  Mrs.  Afton),  as  she  was  j)laying  with  a  child,  and  making 
a  considerable  exertion  in  stretchini;  herself  forwards  and 

stooping  to  take  hold  of  the  child,  while  she  rested  on  one  leg, 

brought  on  an  immediate  lameness  in  the  knee-joint  of  that 
leg  on  which  she  stood.  As  the  lameness  did  not  diminish  in 
the  course  of  five  or  six  days,  I  was  desired  to  visit  her. 

"  When  I  moved  the  affected  knee  by  a  gentle  flexion  and 
extension,  my  patient  complained  of  no  pain,  yet  she  could  not 

pro})erly  extend  the  leg  in  walking,  nor  bend  it  on  raising  the 
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foot  from  the  floor,  but  moved  as  if  the  joint  had  been  stiff, 

limping  very  much  and  walking  with  pain. 

"  I  thought  it  possible  tliat  the  sudden  exertion  might,  in 
some  degree,  have  altered  the  situation  of  the  cross  ligaments 

within  the  joint  or  otherwise  have  displaced  the  condyle  of  the 

OS  femoris  with  respect  to  the  semilunar  cartilages,  so  that 

the  condyles  might  meet  with  some  resistance  when  the  joint 

was  put  into  action." 
We  see,  then,  that  Hey  hazarded  the  guess  that  the  con- 

dition he  had  to  remedy  was  somehow  connected  with  the 

movable  crescentic  discs  of  cartilage  which  are  interpolated 

between  the  femur  and  tibia  at  the  knee-joint,  but  fortune 
never  threw  in  his  way  an  opportunity  of  ascertaining  whether 

or  not  his  guess  was  right.  But,  as  we  shall  see,  the  treatment 

he  applied  was  successful. 

"To  remedy  this  derangement  I  placed  my  patient  on  an 
elevated  seat ;  I  then  extended  the  joint  by  the  assistance  of 

one  hand  placed  just  above  the  knee,  while  with  the  otlier  I 

grasped  the  leg.  During  the  continuance  of  the  extension  I 

suddenly  moved  the  leg  backwards  that  it  might  make  as  acute 

an  angle  with  the  thigh  as  possible.  This  oj)eration  I  repeated 

once,  and  tlien  desired  the  young  lady  to  try  how  she  could 

walk.  Whatever  may  be  thought  of  my  theory,  my  practice 

proved  successful,  for  she  was  immediately  able  to  walk  with- 
out lameness,  and  on  the  third  day  danced  at  a  private  ball 

without  inconvenience."  Although  we  cannot  admire  too 
much  the  maimer  in  which  he  threw  the  quadriceps  out  of 

action  by  first  pretending  to  extend  the  joint,  meaning  all  the 

while  to  bend  it,  yet  the  secpiel  shows  that  Hey  would  iiave 

been  wiser  to  have  kept  liis  patient  in  bed  to  permit  a  complete 

repair  of  the  damage  whicli  had  been  done — for  two  years 
later  he  was  again  called  upon  to  relieve  his  patient  of  a 
recurrence  of  the  disorder. 

My  main  purpose  in  writing  is  to  bring  instances  of  the 

kind  just  cited  to  the  notice  of  my  professional  brethren,  for 

I  am  convinced  that  if  the  medical  practitioners  of  England 

had  been  fiimiliar  with  the  observations  of  William  Hey  and 

grasped  his  method  of  treatment,  bone-setters  would  not  be 
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now  flourishing  in  the  west  end  of  London,  and  there  would 

have  been  no  need  for  questions  in  Parliament  concerning 
them. 

We  see,  then,  that  recognition  of  "  internal  derangement 

of  the  knee  "  as  a  distinctive  disorder  was  made  in  Leeds,  but 
to  understand  how  we  came  to  know  the  nature  of  the  lesion 

which  gives  rise  to  that  disorder  we  have  to    follow  certain 

"happenings""   in  Edinburgh    during    the    latter  half  of  the 
nineteenth    century.       In     1855    John    Goodsir,    the    Master 

Anatomist,  had  become  particularly  interested  in  the  mechan- 

ism of  the  knee-joint  and  gave  special  lectures  on  it.^     It  was 

during  this  episode  in  Goodsir's  life  that  Owen  Thomas  came 
up  from  St.  Asaph  in  ̂ Vales  to  study  for  his  diploma,  and 
close   on   his  heels   followed    Thomas    Annandale,    son    of  a 

surgeon  in  Newcastle,  who  is  presently  to  figure  in  this  history. 

Goodsir  tells  us  how  his  intei'est  had  again  been  roused  in  the 
mechanism  of  the  knee-joint.     His  friend.  Professor  Meyer,  of 
Zurich,    had   just  published   a   book    in    which    he  drew  the 

attention  of  medical  men  to  a  peculiar  screw  movement  which 

occurred    in   the    knee-joint    when    the  leg  was  reaching  the 
limits  of  full  extension  and  when  the  various  parts  of  the  joint 

were  being  forced  home.     Goodsir  saw  that  a  screw  movement 

occurred  at  the  ankle  and  hip,  as  well  as  at  the  knee,  but  it 

was  in  the  knee-joint  that  the  screw  device  was  most  apparent. 
He  recognised  it  as  a  very  cunning  mechanism  for  securing  and 

locking  a  joint.     There  is  one  phase  of  the  human  step  when 

the   knee-joint    must  be   rendered  secure,  arid  that  is  at  the 
moment  when  one  limb  supports  the  whole  weight  of  the  body 

while  the  free  limb  is  beiny;  swun<j;  forwards.     The  articular 

surfaces  and    ligaments    are   so  arranged  that  the  lower  end 

of  the   femur   is    mechanically  screwed  against  the  opposing 

surfaces  of  the  tibia,  and  thus  the  joint  is  locked  and  cannot 

again  be  opened  until  the  screw  is  first  undone.      When  the 

joint   is   locked,    all    its   parts    are   taut   and    the    semilunar 

cartilages   are  firmly    compressed    between    the   rims    of   the 

opposed  articular  surfaces  of  the  fcnuu"  and  til)ia.     The  fit  of 

'  The  Anatomical  Memoirs   of  John  Goodsir,    edited    by  W'm.    Turner, 
vol.  ii.  p.  220  et  seq.,  1868. 
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parts  is  so  accurate — so  exact — that  the  locking  movement 
which  marks  the  end  of  extension  of  the  knee  becomes  im- 

possible if  there  is  the  slightest  degree  of  displacement  of  the 

semilunar  cartilages  or  the  interposition  of  a  foreign  body 

of  even  minute  size.  Goodsir  paid  particular  attention  to 

the  semilunar  cartilages ;  he  observed  that  they  retreated 

towards  the  popliteal  space  as  the  knee-joint  was  flexed  ;  they 
were  squeezed  forwards  as  the  locking  movement  occurred  in 

complete  extension,  and  that,  in  all  positions  of  the  joint, 

they  helped  to  fill  the  inequalities  which  develop  between  the 

incongruous  articular  surfaces  of  the  femur  and  tibia  as  the 

joint  is  flexed  and  extended.  He  made  another  important 
observation  :  he  noted  that  Nature  had  taken  the  utmost 

precaution  to  prevent  a  vacuum  being  formed  within  the 

joint  as  the  irregular  contour  of  the  femoral  condyles  plied  on 

the  flat  articular  surface  of  the  tibia  bv  planting  a  semi-fluid 
pad  of  fat,  the  infrapatellar  pad,  just  where  emptv  sjiaces 

would  be  developed.  A  similar  provision  has  been  made  at 

every  joint  of  the  bodv,  but  it  is  particularly  apparent  al.  the 

knee,  where  the  infrapatellar  pad,  covered  by  a  synovial 

membrane,  lubricates  the  articular  surfaces  as  it  rubs  upon 

them.  So  fine  is  the  flt,  that  from  the  side  of  the  pads  there 

are  drawn  out  delicate  folds  which  exactly  fill  the  opposing 

articular  crevices  when  the  joint  is  fully  extended.  The  semi- 
lunar cartilages,  then,  are  parts  of  the  mechanism  for  })roviding 

an  exact  fit  between  the  articular  surfaces,  and  giving  com- 
plete security  when  the  joint  is  locked. 

Thomas  Annandale,  whose  arrival  in  Edinburgh  has  already 

been  noted,  became  a  demonstrator  of  Anatomy  to  Goodsir, 

and  in  due  time  was  appointed  a  surgeon  to  the  Edinburgh 

Royal  Infirmary.  He  was  an  eminently  practical  surgeon  of 

the  school  of  Syme,  ready  and  accurate  in  his  diagnosis,  neat 

and  expeditious  with  his  knife,  and  when,  in  1877,  Lister 

vacated  the  chair  of  Clinical  Surgery  in  the  University  on  his 

migration  to  London,  x\nnandale  succeeded  him.  One  day, 

early  in  November  1883,  he  admitted  to  his  wards  in  the 

Infirmary  a  man  suffering  from  "  internal  derangement  of  the 

knee-joint."  He  was  a  miner  from  the  north  of  England,  and 
21 
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his  disorder — which  is  notoriously  common  amongst  colliers 

— recurred  so  frequently  that  life  became  a  burden  and  the 

earning  of  a  livelihood  an  impossibility.  "  Having  decided," 
so  Mr.  Annandale  has  reported,^  "  that  the  case  was  one  of 
displaced  semilunar  cartilage  and  not  likely  to  be  cured  by 

ordinary  treatment,  I,  on  16th  November  1883,  performed  this 

operation.  An  incision  was  made  across  the  inner  side  of  the 
knee  .  .  .  when  it  was  seen  that  the  internal  semilunar 

cartilage  was  completely  separated  from  its  anterior  attach- 
ment to  the  tibia  and  was  displaced  backwards  about  half  an 

inch."  The  cartilage  was  drawn  forwards,  stitched  into  its 
proper  place,  the  wound  closed,  and  on  24th  January  the  man 

returned  to  his  work  with  perfect  movement  of  the  joint.  In 

the  following  year  he  operated  on  three  other  cases  of  chronic 

derangement  of  the  knee-joint.  Thus  a  new  phase  in  our 

knowledge  of  the  condition  which  Hey  was  the  first  to  differ- 
entiate from  other  troubles  of  the  knee  commences  with  this 

operation  by  Annandale,  for  he  was  the  first  to  perform  a 

deliberate  and  planned  operation  for  the  relief  of  a  condition 
which  had  bafHed  the  tricks  of  the  bone-setter  and  the  best 
means  at  the  command  of  medical  men.  It  is  not  the  success 

which  attended  the  operation  which  is  our  chief  interest  here, 

but  the  light  which  the  introduction  of  this  operation  has 
thrown  on  the  exact  kind  of  damao;e  which  causes  internal 

derangement  of  the  knee-joint.  Until  surgeons  connnenced 
to  o})erate  for  this  condition  we  could  only  guess  the  nature 

of  the  damage;  time  showed  that  in  the  vast  majority  of 

cases  it  is  due  to  a  tear  or  rupture  of  a  semilunar  cartilage. 

When  Annandale  was  opening  up  this  new  field  of  surgical 

endeavour,  and  demonstrating,  for  the  first  time,  the  nature  of 

the  disaster  known  as  internal  derangement  of  the  knee-joint, 
W.  Scott  Lang  was  completing  his  medical  studies  at 

Edinburgh  University.  He  had  reason  to  be  interested  in 

Annandale's  discovery,  for  he  himself  suffered  from  the  de- 
rangement, and  two  of  his  class-fellows,  whose  condition  he 

studied,  had  also  sustained  the  misfortune  which  so  frequently 

overtakes  athletic  young  men.  Dr.  Lang  made  his  investiga- 

'  Brit,  Med.  Joiirn.,  London,  18S5,  i.  p.  779.     See  also  1887,  i.  p.  319. 
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tions  and  discoveries  the  subject  of  a  thesis  fortheM.D.  degree 

in  1886.^  By  experiments  made  on  the  cadaver,  he  discovered 

that  on  attempting  to  produce  the  lesion  "  pulling  is  of  little 

use ;  it  is  the  twist  as  does  it.''  The  formula  is  borrowed 
from  Richard  Hutton,  the  bone-setter,  who  found  out  by 
experience  that  if  adhesions  in  a  joint  are  to  be  broken  down, 

it  is  useless  to  pull  upon  a  limb ;  it  must  be  twisted.  He 

did  not  know  that  the  muscles  which  surround  a  joint  can 

safeguard  it  against  pulling ;  but  the  knee-joint  has  no 
muscular  protection  to  save  it  from  being  twisted.  Hence 

in  twisting  the  knee-joint  there  is  no  muscular  opposition 
or  resistance  to  be  overcome.  Dr.  Lang  discovered  in  the 

dissecting  room  that,  when  the  foot  is  free,  the  semilunar 

cartilages  of  the  knee-joint  become  stretched,  torn,  even 
ruptured  and  displaced,  if  the  tibia  is  twisted  on  the  femur; 

the  same  thing  happens  if  the  femur  is  twisted  on  the  tibia, 
when  the  foot  and  leg;  are  fixed  on  the  ground.  He  found 

that  the  nature  of  the  injurv  thus  produced  depends  on  the 
direction  of  the  twist  and  the  degree  to  which  the  knee  is 

bent.  If  the  knee  is  slightly  bent  and  the  upper  end  of  the 
tibia  twisted,  so  that  the  foot  is  turned  outwards,  or  if  the 

tibia  is  fixed  and  the  fenun*  rotated  so  that  its  internal  condyle 
moves  inwards  and  backwards,  then  the  strain  and  damage  fall 

upon  the  anterior  part  of  the  semilunar  cartilage.  If,  on  the 
other  hand,  the  knee  is  much  bent  and  rotation  between  the 

articular  surfaces  of  the  femur  and  tibia  takes  place  in  an 

opposite  direction  to  that  just  described,  then  the  stress  and 

injin-y  fall  upon  the  external  cartilage.  He  showed,  further, 
that  it  is  an  easy  matter,  once  the  key  has  been  discovered,  to 

tell  which  of  the  two  cartilages  has  suffered  damage  in  every 

case  which  comes  up  for  diagnosis.  He  pointed  out  as  one  of 

the  diagnostic  signs  that  the  man  who  had  suffered  rupture 
of  his  internal  cartilage  walks  with  his  foot  turned  in,  for,  in 

that  position,  the  cartilage  is  unstrained  and  protected.  The 

man  whose  external  is  damaged  and  displaced  finds  ease  and 

safety  in  walking  with  his  toes  turned  out. 

'  "  Internal  Derangements  of  the   Knee-joint,"  Edinburgh,   1886.      See 
aXso  Edin.  Med.  Journ.,  Dec.   1886,  Feb.  March  1887. 
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Our  tour  in  the  North  has  shown  us  that  the  obscurity 

which  enveloped  the  condition  known  as  internal  derange- 

ment of  the  knee-joint  was  dispelled  by  three  discoveries  : 
(1)  the  recognition  of  its  existence  and  a  definition  of  its 

nature  by  William  Hey  | in  1784;  (2)  the  demonstration  of  tlie 

nature  of  the  injury  by  the  operation  introduced  by  Thomas 

Annandale  in  1883  ;  (3)  the  explanation  of  its  production  by 
Dr.  Scott  Lano;  in  1886.  When  we  look  round  now  to  note 

the  present  state  of  our  knowledge,  we  see  that  Annandale's 
pioneer  operation  has  not  only  given  relief  to  derelict  knees 
which  could  not  have  been  cured  by  any  form  of  manipulative 

surgery, — whether  applied  by  registered  or  unregistered  practi- 
tioners,— but  it  has  also  given  us  a  complete  knowledge  of  the 

actual  damage  which  such  knees  have  sustained.  Annandale's 

lead  was  followed  at  St.  George's  Hospital,  London,  first  by  the 

late  Herbert  W.  Allingham,  and  afterwards  by  Sir  "William 
Bennett.  In  1889,  when  i\lr.  Allingham  ̂   published  the  first  book 
on  the  operative  treatment  of  injured  knee  cartilages,  he  gave  an 

account  of  nineteen  cases  which  had  been  treated  by  operation  up 

to  that  time,  including  four  of  his  own.  In  1900  Sir  William 

Bennett^  published  an  account  of  253  cases  which  he  had 
treated  for  internal  derangement  of  the  knee,  and  in  fifty -three 
of  which  he  had  operated  and  thus  seen  the  nature  of  the 

damage  that  had  been  done.  In  1912  Mr.  A.  M.  Martin  ̂   of 

Newcastle  had  operated  on  509  cases,  so  that  now,  thirty-five 

years  from  the  date  of  Annandale's  first  operation,  it  would 
be  an  easy  matter  to  ascertain  the  exact  nature  of  the  damaiie 

sustained  by  the  semilunar  cartilages  in  ]  500  cases  of  deranged 

knees.  The  important  point  for  us  is  that  in  every  case  there 

is  a  tearing  and  rupturing  of  the  substance  of  the  cartilage  or 
of  its  attachments  with  an  effusion  of  blood  to  a  greater  or 

less  extent  into  the  breach  thus  caused.  It  is  quite  evident 

that  the  sooner  the  cartilage  is  replaced  and  its   torn  edges 

1  The  Treatment  of  Internal  Derangement  of  the  Knee-Joint  by  Operction, 
London,  1S89. 

2  On  the  Use  nf  Massage  and  Early  Passii'C  Movements  in  Recent  Frac- 
tures, London,  1900. 

'^ Brit.  Med.  Joiini,,  London,   191  J,  No.  2,  p.   1070. 
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brought  into  apposition  bv  manipulation  of  the  joint  the 
better  ;  but  mere  reduction  will  not  heal  the  breach.  That 

must  be  healed  as  any  other  wound — such  as  a  cut  on  the  back 
of  a  finger.  In  the  case  of  a  chap  or  cut  of  the  latter  kind, 

we  notice  that  every  time  that  we  bend  the  fino-er  the  wound 

opens  and  is  painful.  If,  however,  we  continue  to  use  the 

finger  the  pain  passes  off.  But  we  also  notice  that  under  such 

treatment  the  period  of  healing  is  prolonged,  and  the  scar 

which  results  is  extensive,  whereas  if  we  rest  the  finger  the 

wound  heals  more  quickly,  and  there  remains  merely  the  trace 
of  a  scar.  There  is  no  essential  difference  in  the  healing  of 

a  wound  of  a  finger  or  of  a  semilunar  cartilage  ;  whether  we 

give  rest  or  give  movement  healing  will  take  place,  but  it  takes 

place  quicker  and  better  when  we  give  rest. 
We  mav  iustlv  claim  that  in  modern  times  surgery  has 

placed  the  treatment  of  internal  derangements  of  the  knee-joint 
on  a  scientific  basis.  Forty  years  ago  we  must  admit  that  the 

trained  medical  man  and  the  professional  bone-setter  were 
equally  beset  with  the  darkness  of  ignorance,  but  that  is  not 

so,  or  should  not  be  so,  to-day  ;  yet  when  we  turn  to  the  number 

of  the  Xint'teenth  Century  (ind  After  which  appeared  in  October 
1917,  we  find  evidence  to  convince  us  that  the  lineal  successors 
of  the  Mrs.  Mabbs  and  Richard  Muttons  can  still  command  a 

following,  and  can  formulate  a  case  for  the  recognition  of  their 

craft.  \Vhen  we  examine  the  cases  narrated  by  Mr.  H.  A. 

Barker  in  tlie  Xineteenth  Century,  and  the  evidence  he  brings 

forward  in  support  of  the  success  of  his  treatment,  we  recog- 
nise he  is  dealino;  with  cases  in  which  a  semilunar  cartilage  has 

sustained  the  kind  of  injury  with  which  medical  men  are 

familiar,  or  should  be  familiar.  The  manipulations  he  applies 

are  of  the  kind  we  have  seen  William  Hey  employ  in  1784, 

and  Richard  Hutton  in  18().5 — manipulations  which  are  the 
common  inheritance  of  medical  man  and  bone-setter  alike. 

But  it  is  quite  apparent,  from  the  evidence  brought  forward 

by  Mr.  Barker — evidence  which  we  have  not  any  ground  for 

rejecting  —  that  there  is  a  very  considerable  number  of 

qualified  men  who  know  nothing  of  Hey,  nothing  of  Annan- 
dale,  nothing  of  the  discoveries  which   their  colleagues  have 
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made  these  forty  years  past — who  have  forgotten  tlieir  anatomy 
and  their  physiology.  So  long  as  we  have  this  class  of  medical 
men  we  shall  have,  and  deserve  to  have,  Mr.  Barkers,  When, 

however,  that  kind  of  medical  man  disappears  from  practice 

then  the  professional  bone-setters  will  also  cease  to  exist. 

There  is,  in  many  forms  of  successful  treatment,  a  psycho- 
logical element,  and  there  is  no  doubt  that  when  manipulative 

methods  are  employed,  whether  by  duly  qualified  or  by 

unregistered  practitioners,  this  element  plays  a  part.  It  will 

be  remembered,  as  I  pointed  out  in  another  chapter,  that  when 

Duchenne  applied  his  battery  to  the  ears  of  deaf  people,  not 

to  restore  hearins;  but  to  studv  the  effects  of  excitino;  tlie 

facial  nerve,  patient  after  patient  declared  their  hearing  had 

been  improved — which  proved  to  be  only  a  temporary  and  not 
a  real  improvement.  In  that  instance  the  result  was  largely 

the  result  of  a  psychological  influence.  Dr.  Marshall  Hall 

quotes  another  example  of  this  spurious  element  in  successful 

treatment  from  the  biography  of  Humphry  Davy,  the  dis- 
coverer of  nitrous  oxide  gas,  who,  it  will  be  remembered,  was 

at  one  time  the  apprentice  of  a  medical  man.  The  account  of 
the  incident  is  as  follows  : 

"  As  soon  as  the  powers  of  nitrous  oxide  were  discovered, 
Dr.  Beddoes  at  once  concluded  it  must  be  a  specific  for 

paralysis.  A  patient  was  selected  for  trial,  and  the  manage- 

ment of  it  was  entrusted  to  Davy.  Previous  to  the  administra- 
tion of  the  gas,  he  inserted  a  small  thermometer  under  the 

tongue  of  the  patient,  to  ascertain  the  temperature.  The 

paralytic  man,  wholly  ignorant  of  the  process  to  which  he  was 

to  submit,  but  deeply  impressed,  from  the  representations  of 
Dr.  Beddoes,  with  the  certainty  of  its  success,  no  sooner  felt 
the  thermometer  between  his  teeth  than  he  concluded  the 

talisman  was  in  full  operation,  and  declared  that  he  already 

experienced  the  effects  of  its  infiiience.  Davy  desired  his 

patient  to  renew  his  visit  on  the  following  day,  when  the 

ceremony  was  again  performed,  and  it  was  repeated  every 

succeeding  day  for  a  fortnight,  the  patient  gradually  improving 

during  that  period,  no  other  ap})lication  having  been  used  than 

that  of  the  thermometer." 
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Perhaps  the  example  given  by  Mr.  W.  S.  Penny  of  Bristol, 

in  one  of  the  earliest  papers,  to  publish  an  account  of  the  manner 

in  which  semilunar  cartilages  became  displaced,^  is  more  to 
the  point.  His  lather,  a  surgeon,  had,  on  the  advice  of  a  duly 

qualified  veterinary  surgeon,  turned  a  horse  out  to  grass  for 

three  months  to  permit  a  wide  open  cut  on  the  knee  to  heal 

up.  The  wound  healed  quickly  and  well,  but  at  the  end  of 

the  period  the  horse  was  found  to  be  still  seriously  lame. 

Believing  that  the  defect  was  permanent,  the  surgeon  sold  the 

horse  for  an  "  old  song.""  A  few  days  later  the  late  owner  was 
surprised  to  see  his  horse  being  driven  along  the  road  at  a 

good  pace  and  perfectly  sound.  "  The  new  owner,"  it  appears, 

"  getting  impatient  of  the  horse's  slow  progress,  gave  it  a  smart 
cut  with  the  whip.  The  animal,  a  well-bred,  spirited  beast, 
plunged  forwards,  and  from  that  minute  lost  its  lameness,  and 

went  as  well  as  ever."  In  many  cases  it  is  the  professional 

bone-setter's  privilege  to  apply  the  sharp  cut  of  the  whip  in 
cases  of  internally  deranged  knees  and  other  forms  of  stiffened 

joints. 
^  Brit.  Med.  Joitrn.^  London,  1888,  No.  i,  p.  1102. 
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Abbott,  Dr.  E.  G.,  183 
Abdominal  exercises,  204 
Absorption  of  bone,  230 
Achondroplasia,  289 
Action  as  means  of  treatment,  27,  177, 

181,  188,  200 

Hunter's  conception  of,  7 
Action  versus  Rest,  34 
Adams,  W.,  career  of,  73,  165 
Adhesions,  1 51 

breaking  down  at  knee-joint,  323 
breaking  down  of,  164,  200 

Albee,  Dr.  F.  H.,  271 
Allingham,  Mr.  H.  W.,  324 
American  school  of  orthopaedic  surgery, 

Anarsthesia,  areas  of,  139,  140 
Anchylosis  of  hip,  173 
Andry,  Dr.  Nicolas,  191 

teaching  of,  203 
Ankle,  sprain  of,  31 
Ankylophobia,  197 
Annandale,  Thomas,  321 
Antagonistic  action  of  gravity,  123 
Antlers,  growth  of,  235 
Articular  cartilage,  292 

ulceration  of,  293 
reflexes,  113 
sense,  100 

Artificial  supports  in  flat-foot,  102 
Atrophy,  prevention  of,  116 
Automatic  mechanism  of  limbs,  114 

Baillie,  Matthew,  81 
Balancing  exercises,  209 
Balfour,  F.  M.,  career  of,  134 
Ballance,  Sir  C.  A.,  136,  141 
Banks,  Sir  Mitchell,  45 
Barker,  M.  H.  A.,  325 
Barton,  John  R.,  73 
Barwell,  102 
Bauer,  Louis,  career  of,  175 
Beevor,  Dr.  C,  121 

career  of,  172 

Beevor's  test,  122 
Belchier,  J.  B.,  career  of,  221 
Bell,  Sir  Charles,  21,  69,  79,  92,  100 

Bennett,  Sir  Wm.,  324 
Bert,  Paul,  302 

Bier's     treatment     pre-established     by Thomas,  51 

Bigelow,  182 Bond,  C.  J.,  273 
Bone,  absorption  of,  230,  244,  247 

adaptability  of,  275 
"consciousness"  of,  244 
effects  of  irritation,  256 
formation  by  arteries,  231 
fragments,  survival  of,  228 
grafting,  necessary  conditions,  276 
grafts,  228,  258,  264 

vitality  of,  270 

growth,  251 
experiments  in,  234,  241,  259 

Good  sir's  investigations  in,  244 
knowledge  of,  220 
of,  at  epiphyseal  lines,  256 
Wolff's  experiments,  279 necrosis  of,  233 

repair  of,  223,  224 
reproduction,  final  conclusions,  263 
reproduction  of,   244,  245,  250,  251, 

263 

transformation,  

276 
transplantation  

of,  252 
Bones,  

conformation  

of,  157, resection  of,  239 

Bone-setters,  H.  O.  Thomas  on,  40 
Bone-setter's  secrets,  313 
Bone-setting,  57,  176,  305 history  oi,  305 

William  Cheselden  on,  305 
Bonnet  of  Lyons,  194 
Bouvier,  ̂ L,  95,  194 

Bradford,  Professor  E.  H.,  146,  182 
Byron,  Lord,  club-foot  of,  65 

Callus,  formation  of,  233,  256 
proliferation  of,  197 

Carpenter,  E.  B.,  88 
Carter,  John,  case  of,  32 
Cartilage,  changes  of,  in  disease,  297 

experiments  on,  296 

grafts,  302 329 
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Cartilage,  liquefaction  of,  296,  300 
nature  of,  291 
nourishment  of,  293 

Cartilaginous  bodies  (loose),  8 
Causalgia.     See  Thermalgia 
Ceci,  Professor,  153 
Cell- doctrine,  introduction  of,  ̂0,2. 
Central  Gymnastic  Institution,  216 
Cervical  rib,  27 
Cheselden,  \Villiam,  223,  305 
Claw-hand.  98 
Club-foot,  cause  of,  192 

Stromeyer's  first  case,  68 
tenotomy  in,  74 
treatment  of,  64 

Coagulable  lymph,  7,  16 
Cold,  application  of,  16 
Collateral  circulation,  117 
College  of  Surgeons,  origin  of,  304 

Colles'  fracture,  40 
"  Congenital  "  deformities,  69 
"Consciousness"  of  bone,  245 
Contracture  (ischemic),  149 
Counter-irritation,  Hilton  on,  27 
Cranial  bone  grafts,  261 
Cranium,     application     of     grafts     of 

cartilage,  303 
"Crooked"  heel,  53 
Cruikshank,  W.,  126,  244 
Culmann,  Professor,  281 
Cyriax,  E.  F.,  217 

"  Damming  "  as  a  means  of  treatment, 

David,  J.  P.,  career  of,  34,  189 
Davis,  H.  G.,  55 
Davis's  splint,  177 
Davy,  Sir  Humphry,  326 
Deafness  treated  by  electricity,  95 
Deane,  Col.  H.  E.,  220 
Deep  sensibility,  140 
Deformities,  muscles  as  cause  of,  69 

over-correction  of,  204 
rectification  of,  50 
Wolffs  treatment  of,  284 

Deformity,  cause  of,  193 
caused  by  inco-ordination  of  muscles, 

lOI 

result  of  muscular  action,  86 
Delayed  union,  treatment  of,  51 
Delpech  of  Montpellier,  65,  126,  192, 

202,  209 

Deltoid,  action  of,  96 
testing  action  of,  122 

Dendy,  Professor,  248,  286 
Diaphyseal  discs,  263 
Dieffenbach,  tenotomy  by,  70 
Dislocations,  recurring,  51 

Disuse,  law  of,  208 
Ditmold,  Dr.  Wm.,  175 
Dixon,  Professor  F.,  281 
Dropped  wrist,  144 
Duchenne,  career  of,  91 

Duchenne's  orthopaedic  principles,  104 paralysis,  97 

Duhamel,, career  of,  221,  226 
Duhamelites  and  Hallerites,  263 
Dumreicher,  Professor  V.,  144 
Dura  mater,  osteogenetic  function,  255 

Earl's  Court,  John  Hunter  at,  10 
Edinburgh,  H.  O.  Thomas  in,  40 
Elbow-joint,  reaction  of,  241 
Electric  baths,  104 
Electrical  treatment,  93 

Duchenne's  opinion  of,  104 
Electricitv,  application  of,  by  Hunter, 

16" 

applied  by  Duchenne,  93 
in  preventing  atrophy,  99 

•  in  the  treatment  of  deafness,  95 
"  Epicritic  "  sensibility,  140 
Epiphyseal  lines,  growth  at,  262 

stimulation  of,  256 

"  Excito-motor  "  function,  86 
Exercise    for    spinal    curvature,     1 87, 

213 

Exercises.     
Sec  also  Action abdominal,  
204 

after  fracture,  
164 

balancing,  
209 

Swedish,  
215 

use  of,  206 

False  joint.  Hunter's  case  of,  7 Faraday,  M.,  92 
Faradisation,  92,  94 

Femur,  delayed  union  of,  7 

growth  of,  280 modelling  of,  229 

osteotomy  of,  166 
structure  of,  281 

Fibula,  as  bone  graft,  273 

Fingers,  movements  of,  98,  122 
Fixation  (reflex)  of  joints,  25 
Flat-foot,  cause  of,  loi 

Duchenne's  treatment  of,  102 
Thomas's  treatment,  52 

Flourens,  M.  J-  F. ,  251,  279 
career  of,  130 

experiments  on  bone  growth,  226 
suture  of  nerves,  131 

Fontana,  I'Abhe,  126 
Foot,  action  of  muscles  in,  loi 

deformities  from  paralysis,  211 
maintenance  of  arch,  53 
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Foot,  treatment  of  deformities  of,  52 
Fracture,  bone  grafting  in,  272 

delayed  union,  174 
method  of  repair,  223 

Fractures,  massage  applied,  195,  218 
operative  treatment  of,  157 
principles  of  treatment,  160 
setting  of,  162 
treatment    by   non-operative    means. 

163 

treatment  
of,  164 

Friction.     
See  also  Action,  

Massage roller,  
209 

use  of,  205 

Gallie,  W.  E.,  270 
Gastrocnemius,   a    cause   of  deformity, 

211 

Gauge-halter,  54 
Genu  valgum.     See  Knock-knee 
Golgi  bodies,  no 
Goodsir,  John,  237 

career  of,  285 
investigations  of  cartilage,  293 
on  joints,  320 

Grafting  of  live  tissues,  229 
Grafts  of  bone,  254 

of  cartilage,  302 
Groves,  Mr.  Iley,  272 
Guerin,  J.  L.,  195 
Gunshot  injuries,  nature  of,  124 

Guy's  Hospital,  155 
Hilton  at,  21 

Gymnastics.     See  also  Action  and  Exer- 
cises, 203,  217,  220 

Hall,  Marshall,  21,  78 
bearing  of  discoveries  on  orthopaedic 

surgery,  89 
career  of,  78 

Haller,  Albrecht  von,  221 

Haller-Duhamcl  controversy,  241 
Halter-gauge,  162 
Hamstring  muscles,   III,  168 
Hand,  artificial,  153 

muscular  paralysis  in,  98 
Harrison,  R.  G.,  137 
Haversian  bursa,  301 
Head,  Dr.  Henry,  139 
Heat,  application  of,  16 
Heterotopic  grafts,  254 
Hey,  William,  career  of,  318 
Hilton,  John,  career  of,  18 

his  opinion  of  bone-setters,  309 

Hilton's  principles  of  treatment,  23,  34 
Hip-joint,  anchylosis  of,  173 

disease  of,  181 
dislocation  of,  182 

Hip-joint,  osteotomy  at,  75 rest  of,  48 

tests  for,  48 

Hip-splint,  Thomas's,  43 His,  W.,  career  of,  134,  135 
Hodgkin,  T.,  65 
Hood,  Dr.  Peter,  313 

Hood,  Dr.  Wharton,  312 
Hormones,  effects  of,  288 
Horsley,  Sir  Victor,  1 20 
Humerus,  excision  of,  239 

successful  reproductions  of,  257 
Humphry,  Sir  George,  235 
Hunter,  John,  as  military  surgeon,  6 career  of,  i,  4 

experiments  on  bone-growth,  226 
experiments  on  grafting,  265 
modelling  of  bone,  2S0 
surgical  principles  of,  2,  5 
transplants  spurs,  269 
treatment  of  broken  patella,  8 
treatment  of  quacks,  307 

Hunter,  William,  blood  supply  of  joints, 

293 

Hunterian      
teaching     

introduced      
to America,    174 

Huntingdon,  Professor,  273 
Hutton,  Richard,  career  of,  312 

Hydrophobia,  86 

Immobilisation.     See  Rest 

Implantation  of  nerves,  131 
Infantile  palsy  of  leg,  144 

Infantile  paralysis,  146,  181,  182 
Inhibition  of  reflexes,  112 
Internal    derangement   of   knee.      See 

Knee 
Interosseus  muscles,  98 
Interstitial  growth  of  bone,  257 
Intestinal  destruction,  treatment  of,  45 
Ischremic  paralysis,  149 

Jenner,  Edward,  308 
Joints.     See  also  Articular  Cartilage 

blood  supply  of,  293 

bony  union  at,  191 
defence  of,  294 

excision  of,  237,  240 
H.  O.  Thomas  on,  56 

Hunter's  principles  of  treatment,  13, 

inflammation  of,  294 
limitation  in  movements  of,  49 
lubrication  of,  298 
nature  of  rheumatoid  changes,  302 
nerve  supply  of,  23,  140 
reflex  stimuli  of,  113 
reflexes  arising  in,  100 
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Joints,  rheumatoid  changes  in,  298 
sensation  in,  100 
transplantation  of,  303 

Jones,  Sir  Robert,  37,  146 
case  related  by,  45 
on  treatment  of  fractures,  161 

Kellgren,  217 
Kinematisation  of  stumps,  152 
Kineplastic  surgery,  154 
Knee,   internal  derangement  described 

by  Hey,  31S 
internal  derangement  of,  313,  316 

Knee-jerk,  loS 
Knee-joint,  action  of  muscles  on,  168 

movements  of,  320 

Knee-splint,  principle  of,  52 
Knock-knee,  165,  2S3 

Knox's  dissecting  room,  243 

Lambotte,  Dr.  Albin,  159 
Landry,  disputes  with  ]\Iagendie,  93 
Lane,  Sir  Wm.  Arbuthnot,  154,  267 

career  of,  154     , 
Lang,  Dr.  W.  Scott,  322 
Lange,  Professor,  147 
Langley,  Professor,  104 
Leg,  infantile  paralysis  of,  144 
Letievant,  J.  J.  E.,  137 
Lexer,  Dr.,  303 

Ligaments,    action    of,     in    lower    ex- 
tremities, 76 

functions  of,  75,  167,  193 
Ling,  P.  H.,  career  of,  203,  214 
Lister,  Lord,  196 

introduction  of  antiseptics,  55 
Little,  L.  S. ,  64,  71,  165 
Little,  W.  J.,  career  of,  64 

Little's  disease,  72 
Liverpool  School,  161 
Locomotor  ataxia,  100 
London  Hospital,  Little  at,  66 
Lovett,  Dr.  R.  W.,  151,  182 
Lucas-Championniere,  career   of,    188, 

195 

Lymphatics    

as   bone   
absorbers,    

231, 
244 

Lynn-Thomas,  
Sir  J.,  37 

Macewen,  Sir  Wm. ,  165,  266 
career  of,  250,  25S 

MacKenzie,  Dr.  W.  C,  12,  37,  117 
Mackenzie,  Sir  James,  39 
Madder,  use  of,  222 
^Lilgaigne,  194 
Mandible,  fracture  of,  43 

growth  of,  229 
Manipulative  surgery.     See  Bone-setting 

Alarey,  E.  J.,  119 
Martin,  Mr,  A.  M.,  324 
Massage,  205 

applied  to  deformities,  310 
applied  to  fractures,  218 
applied  to  paralysed  muscles,  116 effects  of,  219 

Hunter's  employment  of,  16 
injurious  effects  of,  27 
in  sprains,  181 
in  treatment  of  fractures,  160,  195 

of  spine,  208 
science  of,  217 

Median  nerve,  painful  wounds  of,  118 
section  of,  129,  138,  141 

Medullary  cavity,  formation  of,  225 
Mennell,  Dr.  J.  B.,  217 
Methemata  or  capillary  system,  83 
Meyer,  Professor,  281,  320 
Microscope,  improvement  of,  243 
Minchin,  Professor,  285 
Mind,  in  successful  treatment,  220 
Minimal  load  of  muscles,  220 
Mobilisation.     See  Action 

"  Modelling  "  process,  229 
Mollities  ossiuui,  2S9 

Montpellier,  orthopaedic  institution  at, 

193 

Moreau,  
240 

Morestin,  
M.,  303 

Motion  
and  rest  in  treatment,  

209 
Movement   

in    treatment.      
See   under 

Action,  
Exercise,  

Massage is  Life,  219 

MiiUer,  J.,  66,  88 
Murphy,  Dr.  J.  B.,  282 
Muscle-spindles,  109 
Muscles,  action  of,  94 

adhesion  of,  151 
as  cause  of  deformity,  69 
as  determiners  of  form,  203 
as  engines,  106 
condition  of,  in  knock-knee,  166 
contracture  of,  149 

cortical  stimulation  of,  120 
delicate  structures,  147 
education  of,  14 
faradisation  of,  94 

H.  O.  Thomas's  conception  of,  60 treatment  of,  49 

Hunter's  studies  of,  8 
in  production  of  deformities,  193 
management  of,  106 
messages  to  and  from.  115 
nerve  control  of,  108 

physiology  of,  107 
prevention  of  atrophy,  1 16 
prevention  of  contracture,  15 
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Muscles,  proper  balance  of  antagonists, 
148 

re-education  of,  151 
reflex  action  of,  85,  1 13 
reflex  contraction  of,  26 
repair  of,  8 
shortening  of,  106 
testing  action  of,  1 1 
tonic  action  of,  97 
transplantation  of,  149 

treatment  of  paral)-sed,  iSl 
trophic  influence  on,  109 
wasting  of,  15 

Muscular  representation  in  cortex,  120 
tone,  85 

Musculo-spiral  nerve,  section  of,  144 
Myotomy,  195 

Nature  as  restorer,  3,  23,  44,  199 
Necrosis  of  bone,  233 
Nelaton,  95 

Nerve-action,  recovery  of,  99 
Nerve  distribution,  Hilton  on,  22 

implantation,  131 
recovery  after  section,  99 
regeneration,  conditions  of,  141 

Nerve-section,  symptoms  of,  99 
Ner\-es,  degeneration  of,  1 24 

development  of,  109,  135 

efi"ect  of  partial  section,  127 immediate  union  of,  128,  137 
order  in  which  functions  return,  140 
plastic  operation  on,  142 
regeneration  of,  124 
repair  of,  126,  133 
results  of  section,  139,  140 
suture  of,  130 
transplantation  of,  14 1 

Neural  arc  system,  115 
Neuro-muscular  mechanism,  1 10 
New  York  Orthopedic  Dispensary,  1 78 
Nicoladoni,  Dr.  Karl,  144 
Nucleated  blastema,  74 
Nutrient  canals,  direction  of,  234 

Ogston,  Sir  Alex.,  165 
investigation  of  cartilage,  298 

Oilier  of  Lyons,  250 
cartilage  grafting,  302 

Operative  treatment  of  fractures,  158 
Orthomorphie,  193 
Orthopaedia,  191,  205 

Orthopx-dic  Institution  at  Montpellier, 
209 

principles  of  Marshall  Hall,  78 
surgery  established  in  England,  71 

in  eighteenth  century,  306 
introduction  to  United  States,  175 

Ossification,  formation  of  centres,  227 
Osteoblasts,  discovery  of,  244 

law  of,  287,  2S8 
or  bone  corpuscles,  245 

Osteogenesis.     See  Bone  Growth   and 
Bone  Formation,  252 

law  of,  278 

Macewen's  conclusions,  259 
Osteogenetic  adaptability,  275 
Osteotomy,  165 
commencement  of,  173 

Paget,  Sir  James,  57,  89 
career  of,  127 

on  bone-setters,  311 
repair  of  tendons,  71 

Paget's  disease,  288 
Pain  as  clue  to  diagnosis,  29 

in  joints,  113 
Paralysed   muscles,    treatment    of,    12, 

116 
Paralysis,  temperature  changes  in,  117 

test  for,  121 
Park,  Henry,  56 

career  of,  238 
Parker,  Mr.  Rushton,  37,  39,  42 
Parrish,  Dr.  B.  F.,  145 
Patella,  fracture  of,  8 

lateral  dislocation  of,  61 
prevention     of     lateral     dislocation, 

288 
suture  of,  158 

Penny,  Mr.  W.  S.,  327 
Pericranium,  osteogenetic   function  of, 

255 

Periosteal  
dystrophy,  

289 

grafts,  252 
Periosteum,  function  of,  223,  225,  241, 

245.  257,  260 structure  of,  253 

Peroneal    tendons,    transplantation   of, 

Peroneus     brevis,    transplantation    of, 
148 

longus,  loi 
Physick,  P.  S.,  173 
Physiologie  des  Moicve/iien/s,  92 
Plaster  of  Paris  spinal  supports,  179 
Pott,  Percival,  240 
Pressure,  injurious  effects  of,  44 
Primary  union  of  nerves,  129 
Progressive  muscular  atrophy,  100 
Pronation,  movement  of  ulna  in,  103 
Pronator  teres,  transplantation  of,  147 
Protopathic  sensibility,  140 
Pseudo-hypertrophic  paralysis,  lOO 
Psychological  effects,  326 
Putti,  Dr.  v.,  153 
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Quack  treatment,  176 
Quadriceps  extensor  cruris,  109 

Radius,  fracture  of  distal  end,  40 
Rectum,  reflex  treatment  of,  28 
Redfern,  Professor  Peter,  career  of,  290, 295 

Re-education  

of  muscles,  
151 

of  nerve  centres,  116 
Reflex  action,  discovery  of,  83 

Hilton's  conception  of,  22 
Reflex  arcs,  discovery  of,  86 

control,  87 
defects  in  static  deformities,  167 
fixation  of  joints,  25 
machinery,  108 

Reflexes  from  articular  stimuli,  loO 
Remak,  93 
Resection,  introduction  of,  239 
Resistance  test,  122 
Respiration,  artificial,  90 
Rest  and  action  in  treatment,  191 

"  Rest  and  Pain,"  note  on,  19 
Rest   as   applied   by    H.    O.   Thomas, 

46 
as  means  of  treatment,  189 

Bauer's  advocacy  of,  176 
Hilton's  teaching  of,  25,  30 
relation  to  reflex  action,  84 
the  basis  of  treatment,  45 

Thomas's  teaching  of,  36 
versus  Action,  34,  198,  219 
when  to  apply,  164 

Rheumatoid  changes,  297 
Ribs,  healing  in  fracture,  199 
Roberts,  Mr.  Morley,  148 
Robson,  Mayo,  142 
Romer,  Mr.  Frank,  313 
Royal  Orlhopajdic  Hospital,  71 

Sayre,  Lewis  A.,  55 
career  of,  170,  179 

Scapula,  fixation  of,  54 
winging  of,  12 1 

Scarpa,  Antonio,  210 
Sciatic  nerve,  repair  of,  in  rabbits,  127 
^cleroblasts,  law  of,  285 

sensitive  to  vibrations,  287 
Scoliosis,  172 

Sec  also  Spinal  Curvature 
Semilunar   cartilages.     See   also  under 

Knee 

mechanism  of  displacement,  322    ' removal  of,  321 
uses  of,  320 

Sepsis,  effects  on  bone  grafts,  266 
Sequestrum,  formation  of,  233 

separation  of,  247 

Serratus  magnus,  action  of,  12 1 
Shaw,  Dr.  John,  career  of,  202,  206 

opinion  of  sprain-rubbers,  310 
Sherren,  J.,  140 

Sherrington,    C,    discoveries    of,    107, 
108 

Shoulder,  movements  of,  46,  121 

Shoulder-joint,  anchylosis,  121 
Thomas's  treatment  of,  53 

Signal  stations,  113 
Skeleton,  altered  by  vocation,  157 

of  sponges,  248,  285 
Spastic  contractures,  102 
Spinal  centres,  organisation  of,  ill 

cord,  reflexes  in,  84 

curvature,  bone-grafting  in,  272 
treatment  of,  184,  212 

deformities,  207 

prevention  of,  183 
"Spinal"'  dog,  115 
Spinal  exercises,  208 musculature,  96 

organisation,  1 15 
"supports,"  177 

Spine,  disease  of,  179 
fracture  of  cervical,  32 
lateral  movements  of,  123 
maintenance  in   erect   posture,    185, 

204 

mechanism  of,  171 

Splints  as  means  of  securing  rest,  26 fixation  of,  44 

for  applying  traction,  177 
internal,  267 
moulding  of,  48 

principles  underlying,  51 
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Todd,  Professor  T.  W.,  118 
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Trunk,  lateral  movements  of,  123 
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